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NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.

The contents of this report do not necessarilv reflect the official view
or policy of the Coast Guard; and they do not constitute a standard,
specification, or regulation.

This report, or portions thereof may not be used for advertising or
sales promotion purposes. Citation of trade names and manufacturers
does not constitute endorsement or approval of such products.
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The effort documented in this report provides methods and procedures for the U. S. Coast
Guard's economic assessment of regulatory actions under the Commercial Vessel Safety
Program. Three distinct tasks were undertaken: a survey of cost-benefit methodologies;
development of a methodology and procedures for estimating the costs of regulatory actions; and
an exercise of the procedures.

The methodology survey involved a literature search of studies, reports, regulations and
economic models. The direction of the survey was divided into two major parts. First, the
determination of applicable procedures for estimating direct costs to industry and Government.
Second, the determination of cost impacts as they are passed through the economy.

The development of a methodology and procedures for assessing the costs and cost
impacts of Coast Guard regulations invoived the development of step-by-step procedures in a
"how to" manual format for regulations that effect: vessel design, vessel equipment, vessel
staffing, vessel licensing, vessel inspection and vessel operating costs. The procedures describe,
for each cost element, what to look for in developing costs, pitfalls to be avoided and sources for
cost inputs, Input-output techniques, using the University of Maryland's INFORUM model, are
used to trace the cost impacts of regulatory actions.

Three exercises were carried out to test the manual procedures on current Coast Guard
regulatory issues. The subjects of the exercises were: Example 1: Proposed Tankerman
Regulations; Example ll: Double Hull Retrofit for Existing Tank Barges; Example lll: Vessel
Delays at the Hackensack River Portal BridgeT\grlOTE: These exercises are unpublished)
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SECTION 1
INTRODUCTION

This manual is designed to aid in the regulatory evaluation process. Its
primary goal is to provide Coast Guard analysts with systematic procedures for
estimating and comparing costs and benefits of alternative Coast Guard regulatory

actions. A secondary goal is to provide procedures whereby the regulatory staff
can trace the interindustry and economy-wide impacts of regulation costs. »
To these ends, this manual contains:
(1) Procedures for calculating costs and benefits and cost factors |

for use when applicable.
(2)  Formats for categorizing and tallying the costs and benefits of

alternative regulations.

(3 Procedures for tracing major impacts of costs throughout the
economy.

In summary, the overall objective of this manual is to apprise decision-
makers of the relative consequences of regulatory actions. The regulatory staff
can satisfy this objective by adhering to the guidelines contained in the following
sections. Three examples of applications of these procedures, two that address
proposed Coast Guard regulations and one that examines an ongoing operational
problem, are presented in Appendix B.

This manual has 10 sections. A brief description of each section is provided
as a quick reference guide to assist the reader in locating manual segments of
immediate interest.

SECTION 1. INTRODUCTION
A brief description of the objectives of the manual.

SECTION II. METHODOLOGY OVERVIEW
A discussion of how marine safety cost-benefit analysis relates to overall

risk management in reducing marine accidents, to include basic steps in conducting
cost-benefit analyses.

SECTION Ill. ASSUMPTIONS AND DEFINITIONS

This section is used to define the scope and ground rules of the cost-benefit
analyses to be conducted. It itemizes commonly used techniques and assumptions
employed in cost-benefit analysis.




SECTION IV. COST CATEGORIES AND ELEMENTS

Provides a listing of cost categories and cost elements used to collect costs

of regulatory actions.

SECTION V. FORMATS FOR COST MEASUREMENT
Formats contained in this section provide the structure for calculation of all

total costs to be incurred by industry and government to implement a regulation.

SECTION VI. COST PROCEDURES AND FACTOR DEVELOPMENT
This section explains how to develop cost factors, techniques to be employed

in making cost estimates and guidance on what to look for in developing regulatory
costs for vessel design, equipment, staffing, licensing, inspection and regulatory
operating changes.

SECTION VII. COST FACTORS
This section contains a collection of selected cost factors which may be

employed to fill in formats contained in section V (in selected cases, particularly
vessel operating costs).

SECTION VIIl. FLEET FORECAST
This section contains forecasts of changes in U.S. and world fleet sizes by

vessel groupings. This is useful in estimating costs to different vessels that are
impacted by regulatory changes.

SECTION IX. COST IMPACT PROCEDURES

This section explains procedures ace the impacts of regulatory-
generated costs and prices as they pa. arough the economy to ultimate
consumers. It is designed to show macro aid microeconomic impacts associated

with regulatory action where measurablc. Discussion focuses on use of a
computerized input-output model titled INFORUM.

SECTION X. EXPECTED IMPACTS OF CVS REGULATIONS

This section contains an example which helps the analyst trace cost impacts
of regulatory actions. It is particularly useful when regulatory cost impacts are
not large enough to be measured on the computerized input-out model (INFORUM)
used to trace cost impacts throughout the economy.
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SECTION II
METHODOLOGY OVERVIEW

The application of cost-benefit techniques to regulatory analysis enables the
regulatory staff to determine if the value of what is produced by the regulation,
e.g., increased safety, is greater than the value of the resources consumed. It is
axiomatic that the benefits and costs of regulations can be valued only if they can
be counted.

Figure 1 graphically depicts the flow of this relationship between risk
assessment and cost-benefit analysis as it relates to the total risk management
decision process. A brief walk-through of the blocks in this flow chart reveals the
following methodology points:

Block 1 - Events: A typical type of event to trigger a requirement
for regulatory analysis is a vessel casualty. Vessel casualty types supported by
historical frequency data include:

o Collision o] Foundering

o Grounding o Flooding

o Fire/Explosion o Weather Damage
o Ramming 0 Structural Failure
o Capsizing o Other

Block 2 - Identified Problem: If a specific problem can be pinpointed,
e.g., vessel groundings and breakups associated with oil spills, it is possible to

develop competing alternatives to either solve the problem or mitigate the
consequences,

Blocks 3A & B - Controllable/Uncontrollable Elements: A distinction
must be made between those actions which are controllable such as vessel
equipment and those which are not such as weather.

Block 4 - Mitigating Measure: For any given problem with control-

lable elements, there may be several competing alternatives to impiove safety
such as vessel design changes, improved training, or operational procedure changes.
It is also possible that a single regulation will have been selected with no
alternatives under consideration. It is also important that the status of alternatives
be clearly delineated.
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Block 5 - Expected Changes In Incident Frequency: Initially, the

vessel population subject to potential regulatory action must be identified by type
and size and by U.S. and foreign flag. A risk analysis must identify the probable
change in frequency of incidents for implementing mitigating measures (e.g., 10
less collisions per year).

Block 6 - Measurement of Reduction In Injuries, Deaths, Etc.: The

risk analysis must also identify specific reductions in loss of life, injuries, property
damage, cargo spills, and environmental damage expected to result from alterna-
tive mitigating measures.

Block 7A - Cost Measurement: This segment of the analysis

identifies the total costs over an extended period of time (25 years) to industry and
government to implement alternative mitigating measures.
Block 7B - Cost Impact Tracing: These procedures are designed to

trace the costs identified in block 7A as they are passed by price changes
" roughout the economy. Other cost impacts may be traced such as high
unemployment which may result in a particular industrial sector because of
regulatory action.

Block 8 - Benefits Measurement: After risk analysis procedures have

resulted in computations of reduced losses in life, property damage, etc., the
benefit analysis estimates a dollar value where possible for avoided loses.
Block 9 - Action: If sufficient evidence indicates mitigating meas-

ures are feasible and benefits exceed costs of implementation, the decision maker
is in a position to either proceed with regulatory action or request the results of
the analysis be subject to additional sensitivity testing. However, at this point, the
decision maker should have sufficient data to decide to either act or take no
action.

The level of detail in which the risk analysis can be conducted limits the
level of detail that can be achieved in the cost-benefit analysis. For example,
using the Vessel Casualty Reporting System (VCRS) data base to develop before
and after casualty frequencies associated with potential regulatory actions, has a
major drawback. This data base groups all cargo vessels of 15,000 deadweight tons
or more into one category. Therefore, operating cost factors for cargo vessels
must necessarily be lumped onto a 15,000 DWT and over cost category to conform
to this data base,




This manual focuses upon cost-benefit procedures to be used in the risk
management process. The key steps involved in the use of cost-benefit procedures
are:

1. Identify all cost elements impacted by an alternative
regulation.

2 Count the number of vessels by type and size impacted by the
regulation for existing vessels, new vessels to be constructed over the time horizon
of the analysis, and vessels retiring during the time horizon.

3, Determine the incremental per vessel cost of the regulation by
applying or developing the correct cost factor for each cost element and vessel
size and type.

&4, Discount the total costs incurred by the appropriate discount
factor for each year of the analysis.

5. Follow essentially the same sequential procedures for calcula-
tion of benefits,

The general procedural steps for identifying cost impacts of regulatory
changes are separate and substantially different from cost-benefit procedures. In
cost-benefit analysis, the cost and benefits associated with a regulatory alternative
are aggregated without regard to the individual or group to whom they accrue. The
magnitudes of the estimated costs and benefits are then compared. Based solely on
abstract efficiency criteria, determination of who pays the costs or reaps the
benefits of alternative actions is not applicable in determining the best alternative.
It is legitimate, however, for decision makers to take equity criteria into account
and separate the dollar value of costs and benefits according to who in society
bears them.

The importance of this to the regulatory staff is that the cost and benefit
measurements must be performed separately from the impact analysis, This
separation avoids the problem of double counting which arises when costs or
benefits accruing initially to one group, but passed on to other groups, are included
more than once in measurement calculations. Cost impact procedures are
discussed in section 1X,




SECTION 111
ASSUMPTIONS AND DEFINITIONS

A. CVS Program

The cost-benefit procedures described in the following sections focus on
analyzing regulatory alternatives which fall under the aegis of the Commercial
Vessel Safety (CVS) Program, Procedures for estimating the cost of five types of
CVS regulations are described in Section VI. They are vessel design criteria, vessel
equipment criteria, vessel staffing and licensing criteria, vessel inspection require-
ments, and operational controls. Similarly, the cost formats described in Section V
are designed for CVS regulatory analysis.

B. U.S. Versus World
Whenever a cost-benefit analysis is undertaken, the regulatory staff must

identify the group for which costs and benefits will be measured. Usually, U.S.
government cost-benefit analyses are undertaken on behalf of the United States,
but not other nations. Accordingly, the procedures found in this manual focus on
costs borne by U.S. individuals and groups. Costs borne by foreign groups are
addressed only if there is reason to believe they will affect U.S. citizens
economically.

Although foreign costs are not appropriate for inclusion in the cost-benefit
analysis, they are often of interest due to the fact that the Coast Guard works
closely with the Intergovernmental Maritime Consultative Organization (IMCO).
While emphasis in this manual is on U.S. costs, the procedures are directly
applicable to determining foreign costs. In the event the regulatory staff is
interested in these costs, a forecast of foreign flag vessels engaged in world trade
is presented in Section VIII.

C.  Burden

The costs of CVS regulations may be borne initially by many different
groups. However, for the great majority of regulations, the measurable costs will
fall on two major groups: the commercial shipping industry which must comply with
the regulations and the U.S. Coast Guard which develops, administers, and enforces
the regulations. This manual concentrates on procedures for estimating costs to the

commercial shipping industry.




Even though the procedures and formats are designed especially for com-
mercial shipping industry costs, the regulatory staff must not completely ignore
costs to other groups. For example, a licensing regulation which necessitates
starting a new training school may have significant costs which are not paid by the
shipping industry but by the Maritime Administration. The procedures for estimat-
ing the industry costs are directly applicable to problems of this sort.

Often, certain costs of a regulation will be insignificant or impossible to
measure. Nevertheless, these costs should be described in detail by the regulatory
staff. This enables the policy maker to have the most complete information
possible,

D. Time Horizon

Any cost-benefit analysis must have a time horizon. There will be costs
attributable to a CVS regulation not only in the year the regulation is passed, but
as long as it is in effect and vessels are complying with it. Theoretically, the time
horizon of the regulatory analysis should be the effective life ot the regulation,
whether it is 50, 100 or 200 years. Realistically, the time horizon must be limited.
The recommended approach in this manual is to limit the time horizon to 25 years.
This figure was chosen for several reasons:

L. It is considered by many experts to represent the average
retirement age of most commercial vessels.

2, Beyond 25 years, the quality of fleet forecasts declines
precipitously.

3. Costs discounted after 25 years are increasingly insignificant.
Despite these reasons, it must be acknowledged 25 years is conventional rather
than an objective figure, If the regulatory staff wants to use another time horizon,
the cost formats can be readily adapted.
E. Discounting

Because the costs and benefits of a CVS regulation accrue over many years,
it is important to explicitly recognize the time value of money in the cost-benefit
analysis. Money is a productive resource which commands interest payments for its
use; a dollar today is worth more than a dollar to be received at some later date.
Consequently, costs payable in the future are valued at a lower rate than costs
payable now. Similarly, dollar benefits expected 10 years hence, are worth less
than benefits accruing sooner.

The appropriate discount rate allows the regulatory staff to convert dollar
amounts of costs and benefits expended or received in different years into their




present value. The recommended discount rate in this manual is 10 percent. This
rate is intended to represent the returns to the private sector foregone by
complying with a regulation rather than investing in other projects. A 10 percent
discount rate conforms to current Department of Transportation and Lffice of
Management and Budget practice. The Office of Management and Budget guide-
lines for the use of discount rates are published in circular No. A-94 Revised.

The Office of Management and Budget requires the use of a discount rate (n
evaluating Government decisions concerning the initiation, expansion or renewal of
projects and programs for which measurable costs extend over three or more years.
OMB defines the discount rate as the interest rate used to calculate the present
value of expected yearly costs. In most cases, all costs are to be stated in constant
dollars.

To use the discount rate to determine present values requires the calcula-
tion of discount factors corresponding to the chosen discount rate for each year of
analysis. For the convenience of the regulatory staff, the average discount factors
corresponding to a 10 percent discount rate for a 25-year time horizon are
displayed on Formats 4 and 6, pages 33 and 35. These factors are appropriate for
use when annual costs are incurred throughout the year. Other discount factors
should be employed whenever annual costs are incurred on a different schedule, for
example, once yearly. Multiplying the costs (or benefits) in each year by the
appropriate discount factor for that year yields the present value of the costs (or
benefits) discounted at a rate of 10 percent.

The regulatory staff may be interested in using a different discount rate. In
this case, the formula to be used in calculating the corresponding discount factors,
plus a detailed description of the mechanics involved can be found in Richard S.
Brown, et al. Economic Analysis Handbook. NTIS AD-A020859, June 1975, pp. 12-
23. For additional discussion of discounting and the choice of a discount rate, a

recommended reference is Principles ot Engineering Economy, by Eugene L. Grant

and W. G. Ireson, Ronald Press Company, 1960,
F. Inflation

Cost-benefit analysis is complicated by the fact prices usually exhibit an
increasing trend over time. This price trend or rate of infilation can only be
estimated. To ensure consistency in the analysis of alternative regulations and in
comparative studies, this manual recommends all dollar estimates of costs and




benefits be made in constant dollars. This means the estimates will be in terms of
the general purchasing power of the dollar as of the base year of the analysis (year
0).

This recommendation is predicated on the fact that application of a
standard 1Q percent discount factor to constant-dollar costs (or benefits) adjusts
for an average rate of inflation over the 25-year time horizon. In the unlikely event
the regulatory staff expects costs or benefits will not escalate at or near the
average price growth rates, special adjustments for inflation can be made. The
details of these adjustments plus inflation-adjusted discount factors can be found in
Richard S. Brown, Economic Analyis Handbook, pp 88-90 and appendix E.

G. Escalation Factor

Data for many of the cost elements necessary for any regulatory analysis
will often be unavailable for the current year and/or base year of the analysis.
Since all cost elements must be converted to the same base time period, it will be
necessary to apply an appropriate escalation factor to the most recent, available
data. No single annual escalation factor is applicable for all cost elements or for
all periods of time over which the available data must be inflated. The recommend-
ed procedure is to develop an appropriate escalation factor for each cost element
or a weighted average factor for a group of cost elements. Such factors may be
based upon expert judgment or may be developed through a time-series analysis of
available published data. For example, the regulatory staff may need an escalation
factor by which to project future shipbuilding costs. In the absence of a more
rigorous approach, the solution is as follows. Review a number of previous
Maritime Administration Annual Reports. Analyze the trend in published shipbuild-

ing costs, calculating an annual rate of change. Then, using this rate as the basis,

develop an escalation factor that will project current costs to a future level.
H. Uniform Annual Cost

Once all estimated regulation costs have been discounted back to the base
year of the analysis, these discounted costs when summed yield the total
discounted or present value cost of the regulation. This total can be compared with
other regulations analyzed over the same time period. Total discounted cost cannot
be used for comparison when regulations are analyzed for different time periods.

To assure consistency, the use of the unitorm annual cost technique is
recommended to circumvent the problem of different time horizons. Basically,
uniform annual cost is a method to uniformly distribute the discounted regulation
costs over the time horizon of the analysis. The uniform annual cost of a regulation
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can be compared legitimately with the uniform annual costs of competing
alternatives analyzed over any time period.

The procedure for calculating uniform annual cost is as follows: divide the
total discounted regulation cost by the sum of the discount factors for years |
through 25. The sum of the discount factors associated with a 10 percent discount
rate is 9.427,

L. Selected Readings

The regulatory staff may discover its interests are best served by a review
of the literature addressing these issues and assumptions surrounding cost-benefit
analysis. The following list identifies some pertinent writings which should
enhance the regulatory staff's view of cost-benefit analysis.

Baumol, W.J. "On the Discount Rate for Public Projects," in Robert Havemann and
Julius Margolis, Editors. Public Expenditures and Policy Analysis. Chicago: Rand
McNally College Publishing Co., 1970.

Brown, Richard S., et al. Economic Analysis Handbook. Alexandria, Virginia: Naval
Facilities Engineering Command, June 1975.

Hirshleifer, J., Investinent, Interest and Capital. Englewood Cliffs, N.J.: Prentice-
Hall, Inc., 1970,

Klausner, Robert F., "The Evaulation of Risk in Marine Capital Investments,"
Engineering Economist, 14 (Summer 1969), 183-214.

Layard, Richard, Editor, Cost-Benefit Analysis. New York: Penguin Books, Ltd.,
1977.

Miller, M.H., and Franco Modigliani, "Cost of Capital to Electric Utility Industry,"
American Economic Review, 56 (June 1966), 333-91.

Mishan, E.J. Cost-Bene.it Analysis. New York: Praeger Publishers, 1976.

Modigliani, Franco, and M. H. Miller, "The Cost of Capital, Corporation Finance
and the Theory of Investment," American Economic Review, 48 (June 1958), 261-
97.

y "The Cost of Capital, Corporation Finance and the Theory of Invest-
ment: Reply," American Economic Review, 48 (September 1958), 655-69; "Taxes
and the cost of Capital: A Correction,” ibid., 53 (June 1963), 433-43; "Reply," ibid.,
55 (June 1965), 524-27; "Reply to Heins and Sprenkle," ibid., 59 (September 1969),
592-95.

Office of Management and Budget Circular Number A-94. Subject: Discount Rates
to be Used in Evaluating Time Distributed Costs and Benefits, 1972,




Schwab, Bernhard, and Peter Lusztig, "A Comparative Analysis of the Net Present
YValue of the Benefit-Cost Ratios as Measures of the Economic Desirability of
Investments," Journal of Finance, 24 (June 1969), 507-16.

Solomon, Ezra, "The Arithmetic of Capital-Budgeting Decisions," Journal of
Business, 29 (April 1956), 124-29.

Van Horne, James C,, The Function and Analysis of Capital Market Rates.
Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1970.

Zechauser, R., et al. Benefit-Cost and Policy Analysis 1974. Chicago: Aldine
Publishing Co., 1975.
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SECTION IV
COST CATEGORIES AND ELEMENTS

The cost formats contained in Section V are keyed to a set of cost
categories and subcategories which will be referred to as cost elements. (See
Figure 2.) The purposes for separate cost categories within which to collect costs
are twofold:

o To segregate costs by function.
o To provide a checklist against which alternative regulations
can be measured.

Cost elements fall into three broad categories: research and development;
investment; and operating. The elements of each of the categories will be discussed
in turn, The list of cost elements is specific to CVS regulations although it is
unlikely any one CVS regulation would impact all the elements. The cost elements
may not be cu.cpletely appropriate for analysis of regulations of other programs.
In this case, th: e.ulatery staff can augment the list as necessary.

The costs inciuded in the analysis are limited to those directly attributable
to the regulation. Costs incurred regardless of whether a regulation is implemented
are incl :ded from the analysis. In addition, costs expended prior to the implemen-
tation of a regulation are considered "sunk" and should be excluded. An exception
may be made under the following circumstances: (1) Government has indicated the
regulation is under consideration and anticipates implementation in the near
future; and (2) industry or Government implements the regulation, prior to its
effective date to minimize the costs of implementation. For example, industry may
incorporate a design change to a vessel under construction to avoid a more costly
change later in the construction phase. Each exception must be considered
individually and carefully justified.

Research and Development (R&D) - Includes all costs for research and

development directly attributable to the regulation and expected to be incurred in
or after the base year of the analysis.

Investment - Includes all capital costs for construction, modification,
acquisition of equipment, and facilities attributable to the regulation. These costs
should include the cost of financing the investment. For purposes of industry cost
procedures, investment is subdivided into two parts to differentiate between
investment costs for: (a) new vessel construction, and (b) retrofits of existing

vessels. This distinction is important since the costs to implement a regulation may
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FIGURE 2

COST CATEGORIES

Industry

R&D Costs 1.

Investment Costs 1.

A.

New Construction

(1) Non-recurring

(2) Recurring

Retrofit or Modification
(1) Non-recurring

(2) Recurring

Operating Costs U

A
B
C
D
E.
F.
G
H
L.
J
K

Personnel

Maintenance and Repair
insurance

Fuel, Lubricants and Water
Stores and Supplies

Material and Indirect Support
Cargo Handling

Port and Canal Fees

Indirect Support

Overhead

Training

14

In-House

R&D Costs

Investment Costs
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Contractual Services
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D. Government Furnished
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vary considerably for a vessel undergoing construction versus one already operat-
ing.

For investment a further distinction is made between non-recurring and
recurring costs. This distinction is made to differentiate between investment costs
of a one-time (non-recurring) nature expected to last the entire useful life of a
vessel and those investments (recurring) with shorter economic or technological
lives than the vessel (e.g., replacing radar equipment every 10 years). Separating
investment into recurring and non-recurring costs for each year of the analysis
allows the regulatory staff to be confident costs over the whole life of the project
will be measured.

Operating Costs - Include all the costs of the regulation recurring on an

annual basis. Vessel operating cost elements are tailored to the level of detail
contained in operating cost factors found in Section VIl and include additional cost
elements potentially impacted by a regulation such as training. Each vessel
operating cost element is defined below.

Personnel - This category is made up of two subcategories: crew wage costs
including overtime, payroll taxes and fringe benefits, and crew subsistence costs.

Maintenance and Repair - Includes normal and special maintenance costs

including annual routine dry-docking expenses.

Insurance - Commercial vessels carry up to four kinds of insurance: huli{ and
machinery insurance against damage to the vessel; protection and indemnity for
protection against liability for crew injury or death; war-risk coverage; TOVALOP
or comparable pollution insurance for protection against fires, cleanup costs and
liability for damage from cargo spills.

Fuels, Lubricants and (Fresh) Water - Includes all vessel fuel, lubricants and

stored fresh water.
Stores and Supplies - Includes consumable and expendable items such as

rope, paint and cleaning materials.
Cargo Handling - Includes stevedore costs, terminal use charges, receiving

clerks and checkers, watchmen, dunnage, fire insurance and other cargo handling
related costs.
Port and Canal Fees - Includes expenses for pilotage, customs entrance fees,

tonnage tax, tug service, immigration fees, quarantine inspections, canal fees, line
handling and other port and canal use related charges.
Material and Indirect Support - Included here are the costs of spares and

repair parts and expenses for support facilities.

15
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Overhead -These expenses can be broken down into administration, manage-
ment, facilities, service agents, and data expenses and include costs of accounting,
legal, medical and police service, supplies and other costs to the shipping company
not directly associated with a particular vessel, cargo or voyage.

Training - This includes any regular training costs incurred annually.
Examples are tuition, transportation and lodging expenses for crew training courses
and any expenses associated with on-board training exercises like periodic drills or
crew tests.

Note cost categories and elements for in-house (government) activities are |
roughly analogous to those listed for industry, !




SECTION V
FORMATS FOR COST MEASUREMENT

A. General

The procedures, data sources, cost factors, problems to be aware of and
other facets of cost measurement for the five types of commercial vessel safety
regulations are described in Sections V] and VII. The purpose of this section is to
explain the use of cost formats to be employed in cost-benefit analysis.

The cost formats are designed to help the regulatory staff keep track of the
different industry and in-house costs of a regulation and the impacted vessel
population; provide an easy way for the regulatory staff to add all the separate
costs to arrive at the final cost of a regulation; present the results to others (for
example, for budgetary justification or OMB approval); and compare the costs of
alternative regulations.

This section will explain, step by step, the uses of the different formats and
how to fill in the blanks. To facilitate the explanation an example regulation will
be used. Blank formats which can be copied for use by the cost analyst can be
found at the end of this section.

Before the formats are discussed in detail, it is worthwhile to point out two
key considerations involving their use. First, cost-benefit analysis of regulations is
concerned with the incremental costs directly attributable to implementation of
the regulation. Costs which will occur regardless of whether the regulation is
implemented should not be included. Secondly, the analysis applies only to future
costs which the decision to implement the regulation can affect. Costs expected to
be expended prior to the beginning of the time frame of the analysis are considered
"sunk" and must not be included. An exception may be made when costs are
incurred in anticipation of a regulation's implementation. In this case, include these
costs in the first year of the analysis.

Formats 1 through 4 allow the regulatory staff to develop total costs
expected to accrue to industry as the result of implementing a regulation. Formats
5 and 6 are designed to capture in-house government costs. Format 7 merges
industry and government costs attributable to implementing a regulation and allows
for comparison of alternatives. Use of the formats is best demonstrated by means
of a hypothetical regulation.

17




! B. Example Regulation

After June 1982, new and existing oil tankers, gas, and chemical carriers
x will be required to have certain emergency steering gear control systems which

meet specific design criteria. In addition, the manual steering gear must be tested
: after prolonged use of the automatic pilot; specific maintenance checks and tests
must be conducted within 12 hours of departure; and emergency steering drills
must be conducted at least once every 3 months.

Suppose for the sake of illustration the regulatory staff has already done all
the preliminary cost work. The data sources have been investigated and the
regulatory staff has obtained estimates of all pertinent in-house and per vessel
costs of the regulation and the number of vessels that will comply and when they
will do so. What remains to be done is insert the information into the blanks on the
cost formats and perform the necessary addition and multiplication to arrive at the
final discounted cost of the regulation.

One of the first things the regulatory staff must do in measuring industry
costs is to separate the impacted vessel population into classes by size and by type.
The reason behind this is costs of a regulation will often be different for different !
sizes and types of vessels. For the example regulation, the regulatory staff has
divided the impacted vessel population into five classes because of significant
differences in costs:

Class | - Qil tankers >125,000 DWTs

Class 2 - Oil tankers 75,000 to 125,000 DWTs
Class 3 - Oil tankers <75,000 DWTs

Class 4 - Gas carriers, all sizes

Class 5 - Chemical carriers, all sizes

The illustration of the cost formats will be developed in detail for only class
l vessels. The procedures for filling in the costs formats for the other vessel
classes are identical, although the numbers will be different.
For vessel class 1 (oil tankers >125,000 DWTs) it is assumed the regulatory
staff has discovered:
1. It costs $60,000 for a tanker under construction to be fitted
with the required emergency steering equipment.
2. It costs $88,000 for an existing tanker to go into the shipyard
and have the required equipment installed.
3. The required steering gear equipment must be replaced every

10 years. However, vessels over 20 years old will not replace the old equipment,
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4. Vessels in operation which have installed the equipment will
incur $10,000 per year in additional maintenance and repair costs because of the
steering equipment. This includes the cost of the tests which must be conducted 12
hours before departure and after prolonged use of automatic pilot.

5. Vessels in operation which have installed the equipment will
incur $5,000 per year in training costs in the use of the equipment and in
performing the required quarterly emergercy steering drills.

6. There are 6 existing tankers of >125,000 DWTs which must
comply with the regulation. Three will have the equipment installed in 1981, and
three will have it installed in 1982. In 1997, one of these vessels will retire, another
will retire in 1998, another in 1999, another in 2000, and two in 2001. The retiring
vessels will be replaced by new vessels in the year the old ones retire.

7. Two new vessels will be constructed in 1981, one in 1983, two
in 1985, one in 1989. Because of the retiring vessels mentioned above (number 6),
one new vessel will be constructed in 1997, another in 1998, another in 1999,
another in 2000, and two in 2001 as replacements for the retiring vessels.

8. For ease of calculation, it will be assumed the only in-house
cost to be incurred will be personnel services of a contracting firm for a total of
$200,000 per year to randomly check and test the improved steering gear.

After the estimates have been made, the next step is to learn where to
place this information on the cost formats. The cost formats should be filled in
sequentially starting with Format | and ending with Format 7.

C. Format 1: Industry Cost Categories

The first four lines on this format are designed to give the regulatory staff
places to identify (1) the regulation under analysis using a few key »wirds (e.g.,
improved emergency steering); (2) the type of vessel to be 3a:yzed on this format
(e.g., tankers); (3) the size of the vessels under analysis on this format (e.g.,
>125,000 DWTs); and (4) the vessel class identification number, an arbitrary number
given by the regulatory staff for identification purposes only (e.g., vessel class 1).

Next, the regulatory staff must fill in the blanks next to all the cost
categories listed for which he or she has estimated the per vessel cost of the
regulation. For the working example, R&D Costs are left blank either because they
are not impacted by the regulation or because the regulatory staff has been
unsuccessful in estimating the R&D cost changes. 'When the latter occurs, the

regulatory staff must describe the expected costs in as much detail as possible,




For Investment Costs (New Construction), the regulatory staff places
$60,000 in the appropriate blank. This means it costs $60,000 to have a tanker
>125,000 DWTs under construction or on order comply with the example regulation.
Investment Costs (Retrofit or Modification) are incurred when existing
vessels must comply with the regulation by retrofitting or when equipment, etc.
installed on a new vessel in compliance with a regulation must be replaced or
modified during the lifetime of the vessel. When existing vessels must retrofit only
once, the investment costs are considered non-recurring. In our example regulation,
existing vessels must retrofit by 1982 and both existing and newly constructed
vessels must replace the equipment every 10 years. Hence, the regulatory staff |
fills in $88,000 as the investment cost of retrofit and notes in the time period blank
that these costs will recur every 10 years for both existing and new vessels.
Operating Costs by definition are always recurring on an annual basis.
Operating costs are separated into two parts: operating costs - new construction
and operating costs - retrofit or modification. The reason for separation is the

possibility that for some regulations the change in operating costs will differ

|
}
t
|
according to whether the vessel is newly constructed or already operating. Total *
delay costs are the unitemized operating costs associated with any vessel delays ;
attributable to the regulation, e.g., vessel inspections requiring vessels to be out of ;
service an additional day. In the example, there are no vessel delay costs. Instead,
the itemized operating costs of the regulation, which are the same for both new
and existing vessels, are $10,000 per year for maintenance and repair and $5,000

per year for training for a total of $15,000 per vessel per year in increased

operating costs because of tt - regulation.
D. Format 2: Industry Cost Category Totals

Format 2 is designed to let the regulatory staff take the different cost
categories found on Format 1, combine them separately with the number of vessels
that will incur the costs and the years they will be incurred in, to arrive at the
total cost-by-cost category of the regulation in each year of the analysis for that
particular vessel class. There are several things to note about Format 2. i

1. Like Format 1, it leaves a space at the top for the regulatory
staff to identify the regulation with a few key words, the type and size of vessels
to be analyzed on this format, and the vessel class identification number,

2. For each cost category impacted on Format 1, there are
separate Format 2's. For our example, four cost categories are impacted on Format
1: Investment Cost (INew Construction), Investment Cost (Retrofit or Modification),
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Operating Costs (New Construction), and Operating Costs (Retrofit or Modifica-
tion).

3 The cost category put in the blank at the top of column 5 must
correspond to the cost category filled in on the top of the format.

4, This format, and following ones, constrains the analysis to a
25-year time horizon. This can be modified by the regulatory staff by contracting
or expanding the format. Year zero is the first year of compliance. In the example,
the first year of compliance is 1981 and this is put in the blank next to year zero.
Labelling year zero with the actual year aids the regulatory staff in knowing the
years in which vessels are constructed or retired.

5. Columns 1 and 2 are included as an option for the regulatory
staff to fill in. In many cases, the cost of a regulation will be estimated by (1)
determining the per vessel cost before the regulation of a typical or base vessel in
that vessel class; (2) determining the per vessel cost of the base vessel after the
regulation; (3) subtracting to obtain the change in the per vessel costs due to the
regulation. When this method is employed by the regulatory staff, Format 2 enables
the regulatory staff to clearly present the operation performed. In the working
example, the cost changes due to the regulation have been estimated without
resort to comparisons of before and after costs and, consequently, columns | and 2
of Formats 2B, 2C, 2D and 2E remain blank. Format 2A covering R&D costs is not
needed for this example.

In order to more fully explain columns 3, & and 5, it is appropriate to des-
cribe all the format 2's for the example regulation, beginning with Format 2B:
Investment Cost (New Construction).

Format 1 shows the per vessel investment cost of new vessel compliance
with the regulation is $60,000 for tankers of >125,000 DWTs. The next step is to
determine the number of new vessels that will incur this investment cost and in
what years, This vessel population information will be inserted in column & in the
appropriate years. It is known two new vessels will be constructed and come on-line
in 1981, year 0; one in 1983, year 2; two in 1985, year 4; one in 1989, year 8. In
addition, because of replacement of existing vessels, one new vessel will be
constructed and will come on-line in 1997, year 16, one in 1998, year 17; one in
1999, year 18; one in 2000, year 19; and two in 2001, year 20. Each of these newly
constructed vessels, by assumption, will incur the investment costs ($60,000) in the
year they enter service. Thus, both columns 3 and 4 of Format 2B can be filled in.
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To obtain the total annual investment costs (new construction) of the
regulation for vessel class 1, multiply columns 3 and 4. For year 0 (1981), we get a
total investment cost (new construction) of $120,000 ($60,000 x 2) because two new
vessels are constructed and enter into service in 1981. ldentical operations will
give the investment cost (new construction) for every year in which a new vessel
(of class | type and size) is constructed.

Format 2C deals with Investment Costs (Retrofit or Modification). The
investment costs of retrofit are $88,000 and vessels must replace the emergency
steering equipment every 10 years. The next step is to determine how many vessels
will retrofit in each year of the 25-year time horizon.

Three existing vessels will retrofit in 1981, year 0 and three in 1982, year 1,
so three goes in column 4 for years 0 and 1. The three existing vessels retrofitting
in 1981 will retrofit again (to replace the old equipment) 10 years later in 1991,
year 10. In addition, the two new vessels constructed in 1981, year 0 (see format 2B
for investment costs (new construction)) must also retrofit in 10 years, that is, in
1991, year 10. In total, 5 vessels will be retrofitting in 1991, year 10 (3 + 2).

The existing vessels retrofitting in year 1 (1982) must retrofit again in year
11 (1992). No new vessels were constructed in year 1 (1982) and, consequently,
there will be only three vessels retrofitting in year 11. Note, these three vessels
will not retrofit again in another 10 years (year 20) because by then they will all be
either retired or over 20 years of age.

In year 12 (1993), the vessel constructed in year 2 (1983) will have to replace
its emergency steering equipment. The two vessels constructed in year 4 (1985) will
replace in year 14 (1995) and the vessel constructed in year 8 (1989) will replace in
year 18 (1999). Note the vessels constructed in years 16, 17, 18, 19 and 20 will also
replace after 10 years or in years 26, 27, 28, 29 and 30. These years are beyond the
time horizon and, hence, the replacement costs of these vessels will not be
included in the analysis.

To obtain the total annual investment costs (retrofit or modification) of the
regulation for vessel class 1, multiply columns 3 and 4. For year 0 (1981), we get a
total investment cost (retrofit) of $264,000 (588,000 x 3).

Format 2D deals with Operating Costs (New Construction). As soon as a
vessel complies with a regulation it incurs $15,000 in additional operating costs due
to the regulation for every year of compliance until the vessel retires. Remember
on Format 2B for investment costs (new construction), two vessels are constructed
in year 0, one in year 2, two in year 4, one in year 8, one in year 16, one in year 17,
one in year 18, one in year 19, and two in year 20.
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Thus, two vessels (the ones built in year 0) will incur the operating costs of
the regulation in year 0 and 1. In year 3, the vessel built in year 3 will be added
making a total impacted vessel population of 3 until year 4 when another vessel! is
constructed and bears the additional operating cost of the regulation. In year 8, the
number of vessels incurring the costs becomes six to include the new vessel built
that year, In each of years 16, 17, 18 and 19, the vessel population rises by one to
reflect the vessels built in those years. In year 20, it rises to 12 because of the two
vessels built in year 20. The impacted vessel population remains at 12 until year 24.
Note, if the time horizon were longer, care would have to be taken to subtract
retiring ships from the vessel population.

To obtain the total annual operating costs (new construction) for years 0
through 24, multiply column 3 (the per vessel cost of $15,000) by column 4 (the
impacted vessel population in each year).

Format 2E deals with Operating Costs (Retrofit)., The per vessel operating
costs are $15,000 per year (from Format 1), Furthermore, three existing vessels
retrofit in year 0 (1981) and begin to incur the additional annual operating costs in
that year. In year 1 (1982), three more existing vessels retrofit, making the total
vessel population incurring the operating costs equal to six. It stays at six until
year 16 when the existing vessels begin to retire. One retires in year 16, one in
year 17, one in year 18, one in year 19, and two in year 20. By years 20 to 24, no
existing vessels are expected to still be in operation. To obtain the total annual
operating costs (retrofit), multiply the per vessel operating costs (column 3) by the
impacted vessel population (column 4),

E. Format 3: Industry Summary (Single Class)

Format 3 serves as a summary sheet for the costs of the regulation to a
particular vessel class (in this example, vessel class 1, tankers >125,000 DWTs). It
contains columns in which the regulatory staff can place the R&D costs, invest-
ment costs and operating costs found in column 5 of the individual Format 2's.

Because there are no estimated R&D costs for the example regulation,
column | is blank. Column 2 presents the findings from coluimn 5 of Format 2B,
Investment Costs (New Construction). Column 3 presents Operating Costs (New
Construction); column 4, Investment Costs (Retrofit); and column 5, Operating
Costs (Retrofit).

To obtain the total cost of the regulation to vessel class 1 in each year, add
horizontally columns 1, 2, 3, &4 and 5. This completes the use of Formats 1, 2 and 3
for vessel class 1. The regulatory staff must then perform the same procedures for
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every other vessel class (or vessel size and type division). Once this has been done,
the regulatory staff is in position to move to Format 4 and determine the annual
cost of the regulation to the total impacted vessel population.

F. Format 4: Industry Summary (All Vessels)

There are several points to be made about Format 4. This format deals with
all vessel classes impacted by the regulation. Hence, the only identifying heading
at the top of the format is for the name of the regulation.

This format allows the regulatory staff to present the results for nine vessel
classes. In the event there are more, the form can be expanded to include more
columns.

For the working example, there are five vessel classes:

Class 1 - oil tankers >125,000 DWTs

Class 2 - oil tankers 75,000 - 125,000 DWTs
Class 3 - oil tankers <75,000 DWTs

Class 4 - gas carriers, all sizes

Class 5 - chemical carriers, all sizes

For the sake of simplification, it is assumed the regulatory staff has gone
through all the cost procedures and has filled in Formats | through 3 for vessel
classes 2, 3, 4 and 5. The regulatory staff has found (somewhat unrealistically) for
vessel class 2, total annual regulation costs are $300,000 in each year from year 0
to year 24; for vessel class 3, total annual regulation costs are $200,000 in each
year, for vessel class 4, $100,000 in each year; and for vessel class 5, $400,000 in
each year.

In column 1, Format 4, the regulatory staff places the annual regulation
costs for vessel class | obtained from column 6 of the associated Format 3. In
column 2, the costs to vessel class 2 are presented. Column 3 presents the costs to
vessel class 3, column 4, the costs to vessel class 4; and column 5, the costs to
vessel class 5. To obtain the total costs of the regulation for all vessel classes, the
regulatory staff sums across columns | through 9 and places the resulting figures in
column 10,

The next step involves discounting these costs. Column 1l presents the
discount factors (mid-year) corresponding to a discount rate of 10 percent. Column
12 is left blank to allow the regulatory staff to use another discount rate if desired.
To obtain the discounted annual costs of the -egulation, the regulatory staff must
multiply column 10, the undiscounted annual costs, by column 11, the discount
factor at a 10 percent discount rate. Note, if the regulatory staff is using another
discount rate, column 10 should be multiplied by column 12 instead of column 11.
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The results of multiplying columns 10 and 1l are placed in column 13. These
costs are still identified with a certain year. To obtain the total discounted
industry regulation cost for all 25 years of analysis, vertically add the numbers
contained in column 13,

This total discounted industry regulation cost (in our example, $13,268,000)
can be divided by a cumulative discount factor to obtain a measure of uniform
annual regulation cost. The cumulative discount factor is found by vertically adding
the discount factors for years | through 24 (column 11 if a 10 percent rate of
discount is used; column 12 otherwise). Note that the discount factor for year 0
(1.000) is omitted. For the working example, the cumulative discount factor is
9.427, the total discounted industry regulation cost is $13,268,000 and the uniform
annual regulation cost is $1,407,450 (513,268,000 9.427).

G. Formats 5 and 6: In-House Costs (Categories and Summary)

Format 5 is designed to collect in-house costs within the U.S. government
which accrue as the result of implementing a regulation. In this example, it is
assumed that $200,000 per year of contractual services is incurred to spot check
and test emergency steering gear. Format 6 arrays costs and allows for discounting
procedures similar to those discussea under Format &.

H. Format 7: Comparison of Alternatives

Format 7 is designed to aid the regulatory staff in comparing the costs of
alternative regulations. It allows space for a short description of the alternative
regulations, identification of the impacted resources, the earliest date of compli-
ance and a short description of the expected benefits or reasons for the regulation.
The last column presents both the industry and in-house uniform annual cost of the
regulation which are found on the bottom lines of Formats 4 and 6.

Note Format 7 has space for only 10 alternative regulations. Again, if more
than 10 are to be compared, the format can be expanded by adding more rows at
the bottom of the form,
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FORMAT |
INDUSTRY COST CATEGORIES

Regulation: Zsorove e’ L= mergency 5/eew"'7
Vessel Type: Zandev
Vessel Size: > 25 000 DWW
Vessel Class: , =~

L. R & D COSTS

II. INVESTMENT COSTS (New Construction) o
A. Non-recurring lé 0, 000 '
B. Recurring
(Time Period ) *
1L INVESTMENT COSTS (Retrofit or Modification) ;
A. Non-recurring |
B. Recurring & 006 |

Iv. OPERATING COSTS (New Construction) t
A. Total Delay Costs i
B. Itemized Operating Costs

1. Personnel t

. Maintenance and Repair 240,000

Insurance :

Fuel, Lubricants and Water h
'!
t
{
|
I

(Time Period &eﬁvy Iﬂﬂﬁ) 3
3
4
{

Stores and Supplies
Material and
Indirect Support

7. Cargo Handling
8. Port and Canal Fees
9.  Overhead - 3
10. Training L 000
Total Itemized Operating Costs M E+
v, OPERATING COSTS (Retrofit or Modification)
A. Total Delay Costs i
B. Itemized Operating Costs !
1. Personnel i
2, Maintenance and Repair /0, 600 |
3. Insurance I
4, Fuel, Lubricants and Water y
5. Stores and Supplies t
6. Material and

Indirect Support

7. Cargo Handling
8. Port and Canal Fees
9. Overhead - {
10. Training ; LYY= %
Total Itemized Operating Costs 45,000 “
Explanatory Notes:
!
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FORMAT 5

IN-HOUSE COST CATEGORIES

Regulation: Impro-/ez/ A‘—meryency J’/eer/ﬂf
I. R & D COSTS
[I.  INVESTMENT COSTS
_ A. Non-recurring
B. Recurring
(Time Period )
1. OPERATING COSTS
A. Personnel
1. Civilian Personnel Serv.ces
2. Military Personnel Services
F 3. Other Personnel Costs
Materials, Supplies and Utilities
Contractual Services LO0 000

Government Furnished Services

Maintenance and Repair

Mmoo 0P

Other

TOTAL OPERATING COSTS <00, 000

Explanatory Notes:
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1.

il.

1L

Iv.

V.

Regulation:
Vessel Type:
Vessel Size:

Vessel Class:

R & D COSTS

INVESTMENT
A, Non-re
B. Recurr

FORMAT 1
INDUSTRY COST CATEGORIES

COSTS (New Construction)
curring

ing

(Time Period )

INVESTMENT
A. Non-re
B. Recurr

COSTS (Retrofit or Modification)
curring
ing

(Time Period )

OPERATING COSTS (New Construction)
A. Total Delay Costs
B. Itemized Operating Costs

O\ £ W N —
s o & & .

O \D 0o~
e o & e

Personnel
Maintenance and Repair
Insurance
Fuel, Lubricants and Water
Stores and Supplies
Material and

Indirect Support
Cargo Handling
Port and Canal Fees
Overhead
Training

Total Itemized Operating Costs

OPERATING COSTS (Retrofit or Modification)
A. Total Delay Costs

B. Itemized Operating Costs
1. Personnel
2. Maintenance and Repair —
3. Insurance
b, Fuel, Lubricants and Water
5. Stores and Supplies
6. Material and

O 0 00 3

Indirect Support
Cargo Handling
Port and Canal Fees
Overhead
Training

Total Itemized Operating Costs

Explanatory Notes:
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FORMAT 5
IN-HOUSE COST CATEGORIES

Regulation:
I. R & D COSTS
II. INVESTMENT COSTS
A. Non-recurring
B. Recurring

(Time Period )

111, OPERATING COSTS
A. Personnel
1. Civilian Personnel Services |
2. Military Personnel Services '
3. Other Personnel Costs

Materials, Supplies and Utilities

g

C. Contractual Services

D. Government Furnished Services
E. Maintenance and Repair

F. Other

TOTAL OPERATING COSTS

Explanatory Notes:
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SECTION VI
COST PROCEDURES AND FACTOR DEVELOPMENT

This section is divided into six parts which address cost procedures for
vessel design, vessel equipment, vessel staffing, vessel licensing, vessel inspection,
and vessel operation changes.

A. Vessel Design Cost Procedures

The task of assessing industry costs of regulations affecting vessel design
criteria is complicated by three factors:

o Classifying the vessels which must comply with a regulation
according to the different ways the design requirement will be
achieved on different sizes or types of vessels.

o Determining when in the life of the vessels the design change
will be made.

o Identifying all the cost categories impacted by the regulation.

With these problems in mind, the necessary steps involved in measuring total
industry costs of a regulation mandating a vessel design change are as follows:

1. Describe the regulation in detail. Include a discussion of the
impacted vessels, by size and type (e.g., seagoing tank vessels of 20,000 DWT or
more), and the time frame of the regulation (e.g., existing tank vessels must
comply by January 1, 1982, and all new tank vessels constructed under contracts
awarded after December 31, 1979 must comply). This step is necessary in
estimating the impacted fleet population.

2. Classify impacted vessels according to the alternative me-
thods of meeting the requirements of the regulation. Many design regulations are
written in general terms which allow the requirements of the regulation to be met
in a number of alternative ways. Ship owners comply with regulations in ways that
will minimize the costs to them. For example, depending on vessel specifications, a
double bottom may be used for segregated ballast on one ship and not on another.
The result may be the methods and, consequently, the costs of complying with a
regulation will vary from vessel to vessel.

The regulatory staff must be aware of this possibility. When different
methods of complying with a regulation exist, the regulatory statf must make
every effort to identify the costs of these alternative methods and separate the
impacted vessel population into classes according to the likely method to be used

for compliance.
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In addition, even when only one method of compliance exists, the costs of
the design change will often differ by size of ship, type of propulsion, age of ship,
commodity carried, etc. To illustrate, the cost of building a double hull on a 35,000
DWT tanker will be less than the cost for a 150,000 DWT tanker if only because of
differences in the quantity of stee! needed.

Because of these differences in costs among vessels, it is crucial 1o group
vessels and perform the cost estimation by groups or classes of vessels when
possible. In classifying, the regulatory staff must weigh the gain in precision of a
very specific classification against the quality of the cost estimates. If there is a
large margin of error and lack of knowledge associated with the costs of
compliance, the value of a very specific breakdown of ships is correspondingly
decreased. Similarly, the classification of vessels is constrained by the vessel
population data. If vessel population is only forecast for 5 DWT sizes, then it makes
little sense to estimate costs for 10 DWT sizes,

3. Determine the cost categories which will be impacted by the
regulation.

Research and Development

This category includes all R&D costs expected to be incurred by the
shipowner as a result of the design regulation. Sunk costs must not be included. If
the regulation was researched by the shipping industry in an effort completed
before the present cost analysis was begun, the costs of that research are
considered sunk.

Most of the research and development costs associated with a given
regulation will be incurred by the U.S. Coast Guard. However, the possible R&D
costs incurred by industry must not be ignored. It is important to point out R&D
efforts performed by the shipyard for the shipowner will not fall under R&D costs
but will be passed into investment costs under shipyard costs.

Investment Costs

These are the capital costs associated with the retrofit of existing vessels to
meet regulation requirements or the incorporation of the design change into vessels
under construction. The capital or investment costs incurred by the owner can be
broken down into two categories: the shipyard bill for construction or retrofit and
other shipowner's costs in addition to the shipyard bill (see Figure 3).

Shipyard Bill

The shipyard bill for construction or retrofit is the most significant element
in the costs of design change regulations. Preparing a good quality estimate of the
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Figure 3
VESSEL INVESTMENT COSTS

1. Shipyard costs.

a. Material costs
(1)  Hull
(2) Qutfit

3) Machinery

b. Labor costs
(1) Hull
2 Qutfit

(3)  Machinery

C. Overhead
d. Profit
2. Other shipowner costs including overhead, training,

attorney's fees, etc.
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shipyard bill for a type or class of vessel is a difficult task complicated by a
number of factors.

The costs for the same design change will differ according to whether the
construction or alteration will be performed in a U.S. or a foreign shipyard. Hence,
any cost estimate must be predicated on an assumption concerning the country the
work will be done in.

The costs of the same design change will differ according to the shipyard
chosen. A recent report to Congress on the relative cost of shipbuilding in the U.S.
points out:

l. The cost of shipbuilding on the West Coast exceeds that on the
East Coast by approximately 3% percent.

2. The cost of shipbuiding on the East Coast exceeds that on the
Gulf Coast by approximately 2% percent.l
As a result, the analyst must be aware of the drawbacks associated with using an
average cost for a certain design change over all U.S. shipyards.

Another problem inherent in estimating the cost of construction or retrofit
arises from the nature of shipbuilding and repair cost estimating procedures
currently employed. Ship cost estimation is often characterized as a "black box"
science. Within the U.S. there are almost as many ways of estimating ship
construction costis as there are shipyards.

In general, the ship, ard bill is broken down into material costs, labor costs,
overhead costs and proiit. Material costs are normally estimated on an jtem-by-
item basis by ship component. This leads to problems in analyzing costs of design
change regulations because no consistent ship component breakdown exists between
shipyards. The Maritime Administration (MarAd) uses steel, outfit and machinery
to classify ship's components.z Some shipyards use MarAd's system, others use
systems of up to 25 specific categories without more general groupings. This
presents a particular problem in estimating average costs of a design change or
retrofit. If the regulatory staff is interested in getting behind the estimates of the
shipyard bill, care must be taken when appealing to industry or MarAd experts, and

especially when comparing different cost estimates, to recognize that a cost

{. Maritime Administration. Relative Cost of Shipbuilding: A Report to Congress.
Washington, D.C.: Maritime Administration, 1977.

2. See Office of Ship Construction, Division of Estimates. "Classification of Ship
Construction and Reconstruction Costs." Washington, D.C.: Maritime Admin-
istration, 1965.
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element placed under outfit by one expert may be placed under machinery by
another.

Similar problems arise regarding labor costs. Often labor costs are expressed
in person-hours per ship component. These person-hour costs can then be multiplied
by an average wage in the U.S. for shipyard labor.

Overhead costs are shipyard costs which cannot be charged to any one
contract (e.g., taxes, officer's salaries, utilties, watchmen). One common way to
estimate overhead costs is as a percentage of labor costs.

Profit is another element of the shipyard bill relevant to estimating the
costs of a regulation. It is generally calculated as a percent of the total labor plus
material costs.

Other Shipowner Costs

After the shipyard bill has been estimated, the regulatory staff must turn
attention to any additional shipowner investment costs incidental to the shipyard
bill. Along with any one-time crew training expenses, these may include, for
example, architects fees for contract plans, specifications, working plan approval
and inspection, fees for interior design, and attorney's fees. It has been suggested
these costs for nonsubsidized owners are lower than for subsidized owners because
of the fewer complications in reporting requirements.

Another siginificant cost is the cost of financing the capital investment.
Methods for including this element are varied. Two alternatives are to capitalize
these costs or to include this cost as a nonoperating expense. The former method is
recommended since it simplifies the procedures without adversely affecting the
analysis. Although the regulatory staff may have difficulty estimating this ele-
ment, an attempt should be made to include this element since it will significantly
impact the relative costs of alternatives when one alternative is more capital
intensive than another. For comparison of capital intensive regulations its impact
will be felt in measuring the level of total costs of each alternative,

The suggested method for including the interest portion of investment is as
follows. The regulatory staff must first decide upon an appropriate interest. It is
suggested that in most cases the staff use the same rate for interest as is used for
discounting. Next determine an applicable payback period. This will be dependent
upon the type and size of investment. Based upon the interest rate and payback
period develop an applicable multiplier factor. To obtain total investment costs
multiply the cost of capital times the appropriate factor.




Examples of several factors are:

Annual Payback
Interest Rate Period Factor
10% 5 years 1.32
10% 10 years 1.63
12% 10 years 1.77

1f $10,000 is borrowed at a 10% annual interest rate to be paid back in ten equal
annual installments multiply $10,000 times 1.63. The total investment cost is then
$16,300.

One investment cost of vessel design change to the shipowner frequently
overlooked is the delay cost. When a regulation requires that a vessel retrofit, this
often necessitates a trip to the shipyard. For some regulations, the design change
can be accomplished while the vessel is already in the yard for its routine
maintenance, repair and inspections. In these cases, there are no delay costs
attributable to the design change. More often, however, the retrofit is accom-
plished during the regularly scheduled drydocking by extending the vessel's time in
the yard or the retrofit requires a special trip to the yard. With vessels under
construction, a requirement for a design change can significantly lengthen the
construction period.

Delay costs of these types are true costs of the regulation in terms of lost
vessel productivity. The problem is how to measure them. The recommended

procedure is to estimate the delay time in days and multiply it by the vessel delay

cost factor associated with the type and size of vessel under analysis found in
Section VII.

Another point to consider regarding vessel design change is the loss (or gain)
of cargo carrying capacity which may result from such a change. A decrease in
cargo carrying capacity following a design change is a real cost of the regulation in
terms of lost productivity and efficiency of the vessel. Measuring this lost l
productivity is a complicated process. One might suggest using the present or

forecasted freight rate for the commodities transported in the impacted vessels.

The problems with this method are:

1. It includes a profit percentage to the shipowners. The loss of
this profit undoubtedly hurts the shipowners; however, it cannot be considered a
cost to society because no real resources are used up.
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2, It may involve double counting. The freight rate is based on
costs. If the regulatory staff measures the R&D, investment and operating costs of
the regulation and then measures the changes in freight rates, some costs of the
regulation will have been counted twice.

3 The freight rate is highly variable in most trades.

The recommended approach in this manual is to measure the lost cargo carrying
capacity in terms of lost deadweight tonnage and leave it at that, without
attempting to put a dollar measure to this lost productivity.

Before leaving the subject of investment costs, several points must be
stressed. Most importantly, when measuring the costs of a regulation mandating a
vessel design change, the regulatory staff must estimate only the increase (or
decrease) in investment costs attributable to the regulation. Often this may take
the form of estimating the costs of constructing a "base ship" without the design
change; estimating the cost of the same vessel with the design change; and
comparing the two estimates to arrive at the change in costs resulting from the
regulation. Sometimes, especially in the case of retrofit requirements, the
regulatory staff can arrive at the regulation costs without estimating the base
ship's cost.

Another important point regards the timing of the regulation in the life of
the ship. It is generally recognized that a design change on a new ship is
considerably less expensive than retrofit of an existing ship. In fact, one expert
proffers that retrofitting is, on average, 75 percent more expensive. But costs also
vary for a new vessel. It is cheaper to incorporate a vessel design change into a
vessel on order versus one that is already under construction. A realistic assump-
tion regarding older vessels (20 years plus) is that they will be retired before
undergoing expensive retrofitting. In summary, the earlier in the life of the ship
the design change is made, the less expensive the changes will be.

The most reliable source of shipbuilding and retrofit cost data are the
shipyards which will be doing the work. The shipbuilding industry is very competi-
tive, however, and there is a paucity of published cost data. The Maritime
Administration, especially the Office of Ship Construction, has access to a large
quantity of commercial vessel shipbuilding costs necessitated by its administration
of the Construction Differential Subsidy. Again, most of their data are proprietary.
Nevertheless, they have a large staff of experienced naval cost estimators who can
be quite valuable in estimating the investment costs of a regulation. Point of
Contact: Office of Ship Construction, Maritime Administration. Telephone: (202)
377-4373, Room 4868, Department of Commerce Building, Washington, D.C.
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Operating Costs

The operating cost changes associated with a vessel design change or
retrofit can be easily overlooked by the regulatory staff. This oversight can be
partially justified when the investment costs of a regulation are very large relative
to operating costs or when the operating cost changes are unmeasurable given the
state-of-the-art and the resources available to the regulatory staff. In either case,
it is important for the regulatory staff to describe the expected changes in
operating costs in qualitative terms when quantitative estirmates are unavailable.
Each of the operating cost categories and the possible effects of a vessel design
regulation on them will be discussed in turn.

Personnel

In general, a vessel design change itself would not be expected to impact
crew wages or subsistence. Exceptions can occur, for example, if the vessel design
regulation necessitates an additional crew member.

Determining the marginal cost of an extra crew member begins with an
estimate of the number of extra crew members required, multiplied by an average
wage factor and by the number of vessels expected to be impacted. A vessel design
change could also theoretically lead to an increase in crew overtime or, perhaps, an
increase in wages. For example, some experts contend that a double bottom on
vessels increases the risk of explosion and, hence, danger to the crew. Given this
circumstance, the maritime unions may bargain for an increase in wages for crew
members on double-bottom vessels. It is useful to mention possibilities of this sort
even though they may be unmeasurable,

Maintenance and Repair

Vessel design changes can have a myriad of both positive and negative
impacts on maintenance and repair costs., For example, on the one hand, double
bottoms may reduce tank cleaning requirements and decrease norrnal maintenance
and repair costs. On the other hand, the increased structural complexity may make
overall repair costs more costly.

Appendix B provides an example of a proposed regulation that could affect
Maintenance and Repair costs. Test Case ll, Double Hull Retrofits For Existing
Tank Barges, demonstrates how the regulatory staff accounts for such cost
changes.

Insurance

Experts differ on the expected effects a design change will have on

insurance premiums. Some contend that if a regulation reduces, say, the probability




of a collision, the insurance industry will respond by decreasing hull and machinery
(H&M) premiums. Others note the insurance industry bases its rates on past

experience and history and, consequently, the impact on premiums of a regulation

decreasing collision risk may not be experienced for 3-5 years.

In addition, effects on insurance premiums can be offsetting. For example, r
because double hulls are expected to decrease collision damage and resulting oil
spills, H&M (hull and machinery) and TOVALOPy (Tanker Owners Voluntary
Agreement Concerning Liability For Oil Pollution) insurance premiums might be
expected to fall. But double hulls also may increase probability of vessel expiosions
and crew danger, thereby leading to an increase in protection and indemnity
premiums. Due to these conflicting arguments, any measure of the effect of a
regulation on insurance premiums must be carefully justified by the regulatory
staff.

Fuel, Lubricants and (Fresh) Water

A vessel design change is most likely to impact this category via fuel costs.
For example, a vessel design change may result in decreased fuel costs.

Stores and Supplies '1

A vessel design change may necessitate more or less paint, cleaning
materials and other stores, often through its effects on maintenance and repair.

Cargo Handling Costs

A vessel design change could impact these costs, both positively or
negatively, if it changes cargo handling procedures or risks. This possibility shoula
be investigated. Again, there is the possibility a vessel design change will decrease
or increase the cargo carrying capacity of the vessel. When this occurs, cargo :
handling costs may change because of the change in cargo volume.

Port and Canal Fees

Vessel design changes can impact these categories mainly in pilotage or tug
service expenses. For example, a regulation requiring stern and bow thrusters has

the potential to reduce the need for tugs and tug charges.

’ l/An agreement administered by the International Tanker Owners Pollution Feder-
| ation whereby tanker owners accept responsibility for cleaning-up oil spills caused

by his vessel,




Mater:al and Indirect Support

A vessel design regulation could impact this category by requiring additional
spare or repair parts.

Overhead

Overhead is unlikely to be impacted by a vessel desigr -nange, although
examples can be found. One possible administrative cost is D¢ increase in
paperwork resulting from the regulation.

Training

A vessel design regulation could impact this category if, for example, it
necessitates crew drills or crew attendance at certain training institutions.
Appendix B, Example I, provides an extensive example of a regulation that has an
impact upon this category

Delay Costs

These are costs associated with any delays attributable to the regulation.
The procedures for measuring the costs of vessel delays are found on page 75.
Appendix B demonstrates in Example Ill, Vessel Delays at the Hackensack River
Portal Bridge, the treatment of delay costs. While the delays analyzed are not
attributable to new CVS regulations, the approach utilized is similar to one the

regulatory staff would employ to assess regulatory costs.

B. Vessel Equipment Cost Procedures

The procedures associated with assessing the costs of a regulation reguiring
the installation of certain equipment are quite similar to those associated with a
vessel design change regulation. Basically, the steps involved fall under two broad
classitications: (1) determining the number of vessels over the pertinent time
horizon which will comply with the regulation and when they will do so, and (2)
determining how the vessels will comply with the regulation and the cost
categories impacted. The actual steps involved in performing the cost estimation
are discussed in detail below.

1. Describe the regulation under analysis. The description must
include a discussion of the sizes and types of vessels required to comply with the
regulation and when they must comply. This description will aid in determining the
time horizon of the analysis and forecasting the impacted vessels.

2. Group the impacted vessel population and perform the cost
estimation by groups or classes of vessels. The vessel population should be grouped
according to the expected differences in the costs of the equipment and installa-
tion by vessel type and size. The necessity for this classification can be shown by
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example: the costs of installing a doppler speed device on a VLCC may be greater
than for a handy-weight tanker (35,000 DWTs) simply because of the length of
cable required for hookup.

Any vessel classification is constrained first, by the vessel
population breakdown available in the fleet forecast and second, by the regulatory
staff's ability to obtain different estimates of the equipment cost for different
sizes and types of vessels. In the past, cost estimates for equipment usually have
not been broken out by the manufacturers for different sizes of vessels.

3. Determine the cost elements which will be impacted by the
equipment regulation.
Research and Development

The discussion of R&D costs contained in the section on vessel design
criteria is also applicable to equipment criteria. Most of the R&D costs expended
by the shipping industry to investigate new equipment will not be attributable to
the regulation. The regulation cost analysis is only concerned with costs which are
a direct result of the regulation. R&D funds already spent by the industry are
considered sunk costs and are not appropriate for inclusion in the analysis.
Furthermore, R&D costs which the industry spends of its own volition, not as a
direct result of the equipment regulation, should not be included in the analysis.

Investment Costs

These are the capital costs associated with retrofitting existing vessels with
the required equipment and installing the equipment on vessels under construction.
The investment costs incurred by the vessel owner include the unit cost of the
equipment, any other costs associated with installation and making the equipment
operational, plus the cost of financing the investment.

The manufacturers and distributors of the indicated equipment constitute
the best source of information on the unit or per vessel investment cost of the
equiprent. There are two prime considerations to be made regarding manufacturer
price estimates.

First, the regulatory staff must decide the number of manufacturers to
survey. There may be several manufacturers of the indicated equipment and their
equipment may differ in quality and/or price. The regulatory staff must find an
average quality and an average price. To obtain the averages necessitates
questioning more than one manufacturer, In one recent study, a survey of 9 out of

20 manufacturers was considered representative.




Note, the appropriate number to survey depends on the number of possible
manufacturers and the disparity in their prices or quality. For example, when the
number of manufacturers is considerably larger than 20, 9 may be an inadequate
size sample. Likewise, if the quoted prices vary widely, it may be worthwhile to
canvass more manufacturers than would be necessary when prices are relatively
similar. When the quality or design of the equipment gives rise to doubts about its
acceptability in meeting the requirements of the regulation, the companies
manufacturing unacceptable equipment should be excluded from the survey.

The second problem confronting the regulatory staff involves determining
what is included in the unit or per vessel price quoted by the manufacturers of the
equipment. The investment cost to the ship owner of the regulation is made up of
the cost of the equipment, costs to transport the equipment to the vessel,
installation charges by the manufacturer or shipyard, cost of initial spares and
stocks to keep the equipment operational, and any initial training in the proper use
and maintenance of the equipment. The price quoted by the manufacturer may
include all or just some fraction of these various costs. When the manufacturer
quotes the price without transportation, installation, initial spares and stocks or
initial training included, it falls on the regulatory staff to estimate these costs
separately.

Another possible cost is the delay cost associated with installing the
equipment. As was noted in the discussion on vessel design criteria, when a vessel
makes a special trip to a shipyard or extends its stay at a shipyard for equipment
installation, this tirne lost to productive uses represents a real cost to the owner in
addition to the shipyard or manufacturer cost of installation.

The recommended procedure in these cases is to estimate the delay time in
days and multiply it by the vessel delay cost factor associated with the type and
size of vessels under analysis found in Section VII. This procedure gives a measure
of the cost of the delay due to the equipment regulation.

Another cost is the possible loss of space aboard the vessel because of the
new equipment. This loss of space represents a real cost of the regulation if it
restricts movement of personnel, decreases cargo carrying capacity, or if the space
had been used in the past for a productive use. While this space loss is a real cost,
it is extr2mely difficult to place a dollar value on the costs. The recommended
approach is to describe the amount of lost space and its effects without trying to

measure the costs in dollars.
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It is important to estimate the cost of retrofit separately from estimating
the cost of equipment installation on future vessels yet to be built. This is because
the costs of installation can vary widely according to when in the life of the vessel
the installation is accomplished. For example, one expert noted installation charges
for a fathometer varied from $2,500 for installation on a vessel under construction
to $5,000 for installation on a vessel during its routine drydocking to $40,000 for
installation during a special drydocking.

One vexing problem confronting the regulatory staff is determining which
vessels have already installed the equipiment voluntarily. The cost of the equipment
to these owners is not a cost of the regulation unjess the equipment was installed in
expectation of the adoption of the regulation. Lloyd's of London Register of
Shipping and the Army Corps of Engineers' Waterborne Commerce of the United

States give some information on the equipment already installed on existing
vessels. Realistically, however, for the great majority of potential equipment
regulations, equipment statistics do not exist. In this case, there are several
options. The shipping companies or equipment manufacturers can be surveyed or
the COTPs at several locations can be asked to conduct ad hoc surveys of vessels
entering the ports. As an additional option which may be justifiable because of
time or other resource constraints, the regulatory statf can assume existing vessels
with the equipment aiready installed are negligibie and perform the cost analysis as
if they did not exist.

Unlike most vessel design changes which last the life of the vessel, new
equipment may not. In fact, the average lifetime may be on the order of 7 to 10
years. As a result, an equipment regulation does not represent a one-time only
investment by the ship owner. Instead, the vessel must have replacement equip-
ment installed periodically. The regulatory staff must be sure to capture these
recurring investment costs. First, the equipment manufacturers should be asked
what the expected life of the equ:pment is. Second, the regulatory staff must
calculate how many times a given vessel will go into the shipyard for reinstallation
before it retires. This, of course, necessitates an assumption about average
retirement age. The recommended age to use is 25 years. Furthermore, vessels
over 20 years old will not, by assumption, retrofit. A vessel which has the
equipment installed during its construction is considered a retrofit when it goes in
for reinstallation. In other words, suppose it costs $5,000 to install the equipment
on a vessel under construction and $10,000 for the retrofit of an existing vessel and
the equipment lasts 10 years. The cost of the regulation is $5,000 if the vessel is

being built and $10,000 IG years later if the equipment must be retrofitted.
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The old equipment is likely to have a scrap value. Theoretically, this scrap
value should be subtracted from the cost of the equipment to obtain the true cost
of the regulation. In practice, it is recommended the scrap value of the used
equipment be ignored in the analysis.

The data sources for obtaining the costs of equipment include the equipment
manufacturers and distributors. Another point of contact is Office of Ship
Operations, telephone (202) 377-4847; and the Office of Ship Construction,
telephone (202) 377-4373, Maritime Administration, Department of Commerce
Building, Washington, D.C.

Operating Costs

Equipment regulations can affect annual operating costs in many of the

same ways vessél design regulations can. Each of the operating cost categories and
" the possible effects of an equipment regulation on them will be discussed in turn,

Personnel

It is possible the new equipment would require an additional crewmember to J
operate the equipment. In this case, the annual personnel costs of the regulation
would be the annual wage and subsistence costs of the additional crewmembers ?'
times the number of vessels hiring the additional crewmembers. Estimating the .
cost of an additional crewmember is discussed in detail on page 66.

A more likely case is the regulation will not require an additional crew
member. Rather, it will increase the workload of existing crewmembers and
thereby increase overtime hours. If this is expected, the regulatory staff must
estimate the number of additional overtime hours per vessel per year and multiply
it by the pertinert overtime wage rate and the number of vessels impacted.

Maintenance and Repair

New equipment can have both positive and negative effects on annual
maintenance and repair costs. For example, inert gas systems are expected to
reduce tank corrosion and therefore decrease maintenance and repair costs.
Alternatively, the installation of certain emergency steering equipment is expected
to increase maintenance costs because of certain tests which must be performed on
the equipment periodically.

Insurance .

The expected impact of equipment on vessel insurance premiums has been J
the subject of much discussion among the experts (see page 59 on vessel design il
change). A case can be made that the premiums for hull and machinery protection }

1 and indemnity, and pollution insurance might decrease because of the installation




of safety or pollution abatement equipment which reduces the probability of

groundings, collisions, oil spills, etc. On the other hand, insurance premiums are
based on historical experience. Using past experience as a basis implies insurance
premiums will decrease only when enough time has elapsed after the adoption of
the regulation for the expected decreases in accidents to show up in the data.
Because of uncertainty surrounding the effects of equipment on insurance pre-
miums, any measure of expected premium changes due to the regulation must be
carefully justified by the regulatory staff.

Fuel, Lubricants and Water

An equipment regulation is most likely to impact this cost category through
impacts on fuel costs. If the equipment either decreases or increases vessel speed,
fuel costs per voyage can be expected to increase.

Stores and Supplies

Initial stocks necessary for placing the required equipment into operation
are considered a non-recurring investment cost of the equipment. Stocks, stores or
supplies used continually or periodically to keep the equipment in working order are
considered an operating cost of the investment. The regulatory staff must estimate
the stores and supplies used annually per vessel to keep the required equipment
operational.

Training

Annual training costs can be a significant cost attributable to an equipment
regulation. Any initial one-time training costs associated with the equipment
installation (e.g., instruction manuals, special courses) are considered an invest-
ment cost of the regulation. If, however, the equipment necessitates continual or
periodic training in order to instruct the crew in the use of the equipment and keep
the equipment operational, these training costs fall under annual operating costs of
the regulation. For example, the cost of crew drills performed quarterly on
emergency steering gear are annual training costs directly attributable to the
regulation. Similarly, any increase of annual shipping industry contributions to
union training funds to provide instructional courses on the equipment is an
increase in costs due to the regulation.

Other Operating Costs

Personnel, maintenance and repair, insurance, fuel, lubricants and water,
stores and supplies, and training are the most likely operating cost categories to be
affected by a vessel equipment regulation. The other categories, including material

and indirect support, cargo handling, port and canal fees, and overhead, may also
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be impacted but often not significantly, If the regulatory staff is constrained to
limit the regulation analysis, the actual measurement of the cost changes in these
categories can be ignored without severely damaging the analysis. However, the

expected impacts must, in any case, be described in as much detail as possible.

C. Vessel Staffing Cost Procedures

Unlike vessel asign or equipment criteria which can impact all three major
cost categories, changes in staffing criteria will, for the majority of cases, impact
only vessel operating costs. In order to assess the costs of a proposed staffing
regulation, the impact on per vessel operating costs must be measured and
multiplied by the number of vessels impacted for each of the 25 years of the
regulation analysis. The steps involved are described below:

1. Describe the regulation, include a discussion of impacted
vessels by size and type and the time frame of the regulation, i.e., the dates ot
expected compliance.

2, Group the impacted vessel population according to expected
differences in the costs to different types and sizes of vessels of the staffing
regulation. The cost estimation should be performed separately for each of the
vessel groups or classifications. It is necessary to do this because the cost of an
additional crewmember wiil often differ between sizes and types of vessels. For
example, under certain conditions, crewmembers on automated ships receive higher
wages than crewmembers on non-automated ships. Similarly, container ship crews
typically receive higher fringe benefits than crews on other vessels.

3. Determine the components of operating costs that will be
impacted by the staffing regulation. The most significant component impacted will
be personnel costs.

Personnel Costs

There are two possible ways Coast Guard regulations can impact personnel
costs: (l) by requiring the addition of one or more persons to the crew
complement, and/or (2) by increasing or decreasing the duties or workloads of
existing crewmembers. Regulations requiring additional crewmembers will impact
both vessel wage costs and subsistence costs, whereas regulations changing work

loads will impact only wage costs.
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Crew wage costs can be broken down into 13 subcomponents. On a monthly
basis, the wage costs per crewmember consist of:

1. Base Wage - Monthly amount paid to each crewmember. It
differs by rating, for example, masters are paid a different base wage than able
seamen, etc.

2. Non-watch Pay - Pay to non-watchstanding officers in lieu of
overtime. It is justified by the extra supervisory work they are often involved in.

3. Vacation Fund - Employer contribution into a union vacation
fund. These vacation funds are released to the crew by their union. The amount
paid into the vacation fund is a set percentage of base and non-watch pay for each
crewmembers, On certain fast turnaround container vessels, a special vacation
fund is used.

4, Pension Fund - Employer contribution to union pension funds.

5. Welfare/Medical Fund - Employer contribution to union
medical insurance fund.

6. Feinberg Contribution - Employer contribution of 4 to 6
percent of base wage and non-watch pay into pension fund for each day employee is
on vacation. For container vessels, there is an extra Feinberg contribution per
crewmember,

7. Training Contribution - Employer contribution to union
training funds.

8. Automation Bonus - On automated vessels, certain crew-
members receive a 10 percent bonus of base and non-watch pay.

9. Employee Committee - Employee contribution to union hiring
hall.

10. Special Account - Employer contribution into escrow account
for use and distribution according to union needs.

1. Safety and Education Fund - Employer coiitribution to union
fund for retraining and upgrading programs. This fund is only applicable to some
unions.

12, Supplementary Pension Fund - Employer Contribution to
pension fund. Employees receive these deferred benefits when they retire. This
fund is only applicable to West Coast unions,

13. Hourly Overtime Rates - Wage per hour for overtime differs
by crew rating.




As can be seen in the above breakdown, the crew wage costs will differ from
vessel to vessel depending on the type of vessel, the number and ratings of
crewmembers onboard, the unions the crews belong to and their bargaining
arrangements. In order to measure the costs of an additional crewmember the
regulatory staff must determine the rating of the required additional crewmember
(e.g., radio operator, third mate, ordinary seaman, able seaman, etc.), the types of
vessels impacted, and the average wage costs and subsistence costs for that rating
on that type vessel.

If the regulatory staff has the time and resources to go straight to the
primary sources, the shipping companies and unions can be surveyed for wage and
subsistence costs. Another excellent source of information is the Maritime
Manpower Impact System administered by the Office of Maritime Manpower,
telephone (202) 377-3018, Maritime Administration, Room 3069A, Department of
Commerce Building, Washington, D.C. This computer system is updated annually
and is capable of listing by rating and union, wage costs per person/day, month or
year broken out for 12 of the 13 subcomponents listed above for any ocean-going
U.S. vessel greater than 1,000 gross tons. The system does not contain information
on overtime wage rates. The system can also give average total wage costs or
subcomponent costs for specific vessel types which include cheinical, oil and gas
tankers and conventional cargo, container, roll-on-roll-off, ore-bulk-oil, car car-
rier, and LASH vessels.

The shipping companies and unions remain the best source of information on
overtime rates and subsistence costs for all vessels and wage costs for vessels
operating in coastwise, Great Lakes, rivers, or infand waterway trades. One alter-
native source of information on domestic shipping wage costs is the Bureau of
Accounts, and the Office of Publications, telephone (202) 275-7356, U.S. Interstate
Commerce Commission. The Commission collects employment data for domestic
water carriers. Average number of employees per year, total hours worked per
year, and total compensation per year by region and by individual carrier is
published annually by the Commission in “"Table 4 -- Selected Financial and

Operating Data by Individual Maritime Carrier" of Transport Statistics in the

United States, Part Vv, Carriers by Water. Also, MarAd's Office of Domestic

Shipping, telephone (202) 377-5478, Room 6606, collects some Great Lakes wage
data.
For regulations which change the workload of existing crewmembers, the

regulatory staff must determine which of the 13 subcomponents will be impacted
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by the regulation. If the regulation adds duties to a particular rating, total

overtime pay may be impacted in the short run and base wages may be impacted in
the long run as unions bargain for increased base wages because of the extra duties.
Again, the best sources of information regarding such possibilities are the shipping
companies and unions. The Maritime Manpower Impact System may be used to
provide historical data on union and industry reactions in the past to similar
situations.

Other Operating Costs

While the possibility exists that other operating costs besides personnel
costs will be impacted by a staffing regulation, these impacts will most often be
insignificant, especially in relation to the personnel costs, and extremely difficult
to measure. The recommended approach is to describe them in detail without
attempting to place a dollar value on them.

Once the annual wage costs of the required additional crewmember or the
change in wage costs of the crewmembers experiencing workload changes have
been determined, the regulatory staff must estimate the number of crewmembers
impacted per vessel. Because of the vacation plans for merchant mariners, shipping
companies hire more than one person per year to fill any vacant position. The
person per billet ratios differ by types of vessels. One recent studyl estimated the
person-per-billet ratios to be:

o 1.8 for breakbulk, dry cargo and passenger vessels.
o 1.9 for container and fast turnaround vessels.

o 2.0 for tankers,

o 1.25 for Great Lakes traffic.

The significance of these person-per-billet ratios for regulation analysis can
be shown by example. If it costs $18,000 to hire an additional radio operator in
compliance with a staffing regulation, the total cost of the regulation to a dry
cargo vessel is not $18,000 but $32,400 (518,000 x 1.8). In order to measure the

1. Office of Maritime Manpower. "Deck and Engine Officers of the U.S. Merchant
Marine: Supply and Demand, 1976-1985." Washington, D.C.: Maritime Admin-
istration, 1977.
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annual per vessel costs of a staffing regulation, the regulatory staff must multiply
the annual wage costs of the required additional crewmember or the change in
wage costs of the crewmembers experiencing workload increases by the appro-
priate person-per-billet ratio.

D. Vessel Licensing Cost Procedures

In the great majority of cases, the most signficant costs to the industry of
Coast Guard licensing requirements and qualification standards for merchant vessel
personnel are the costs of training programs developed to meet those requirements
and standards. In fact, such training programs are often implied by the licensing
regulation. For example, recent proposed regulatory measures concerning licensing
requirements have included requirements:

0 For deck officers to demonstrate skills such as radar operation
and interpretation instead of relying on written examinations.

o For issuance and renewal of licenses to ship masters, mates
and pilots to include certain experience or training on ship
simulators.

o For applicants for original certificates of service to be re-
quired to demonstrate basic knowledge and skills via training
and examination.

These licensing regulations state or imply a level of training either through
experience or training programs to meet the licensing requirements. In order to
measure significant resource costs of a licensing regulation, it is recommended the
regulatory staff concentrate on measuring the concrete effects of the regulation
on training programs. Examples of possible effects are building a training school,
adding a course to an existing curriculum or purchasing training equipment. The
steps involved in performing the regulatory analyses are described below:

I. Describe the regulation under analysis. Include a discussion of
the type of crew impacted by rating and vessel type. For example, does the
regulation apply to all masters or just masters of oil tankers? It is also important
to include the earliest compliance date for the regulation in order to determine the
basline year of analysis.

2. Classify the impacted vessel population by type and size ac-
cording to any expected differences in the costs of the regulation to different sizes
or types of vessels.
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3. Determine the vessel cost categories which will be affected by
the licensing regulation.
Research and Development

It is unlikely this category would be impacted by a licensing regulation,
Investment Costs

Investment costs can be impacted in several ways by a licensing require-
ment. This occurs if the requirement necessitates building another school, enlarg-
ing a curriculum, buying training equipment, etc. The problem with measuring the
costs of such investments in the regulatory analysis is determining whether
industry, unions or government will administer and pay the costs of the training
invstments.

U.S. maritime training institutions fall into two broad classes: those admin-
istered by federal or state governments, and those administered by labor unions.
For the federal and state academies, tuition is generally free to the student and
the cost of investments in new courses or equipment is paid entirely by the govern-
ment. Licensing requirements which necessitate an investment by one of these
government supported, tuition-free institutions do not measurably linpact industry
investment costs.

On the other hand, if tuition charging, government-run programs make the
investment, e.g., MarAd's Radar Observer Training Schools, industry may bear at
least some of the investment costs in terms of higher tuition fees. If, in response to
the licensing requirement, the school invested in new equipment or in an additional
course the investment cost to the industry for vessel personnel who would already
be attending the school is calculated by multiplying the number of crew per vessel
attending the institution by the added tuition and the wage costs of the crew-
members for any extra time they must spend at the school.

Alternatively, the licensing regulation could require vessel personnel, who
previously did not attend a certain training program, to do so. In this case, the
industry investment cost of the regulation is calculated by multiplying the number
of vessel personnel atfected per vessel by the tuition of the training program, if
any, the wage costs for personnel off-time, any transportation costs to and from
the institution, and lodging and meal costs while attending the school.

Because a large portion of merchant marine training costs are paid by the
government, the government investment costs should not be overlooked. Cost

estimnates to the government of buying equipment or expanding the curriculum at
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the various merchant marine academies can be obtained directly from the respec-
tive academies. In addition, information regarding existing investment and operat-
ing costs of the U.S. Merchant Marine Academy is also published by the Budget
Office, MarAd.

When a licensing requirement means a union training institution will invest
in a new course or equipment, the cost to the industry becomes very complicated
to measure. The unions will directly make the necessary investments. However, the
costs of these investments will be paid indirectly by the shipping companies in
increases in certain wage costs. Annual wages of vessel personnel contain employer
training contributions to training funds of unions. The effects of union investment
in new courses or equipment will be felt eventually by the industry in increased
training contributions. These increased training contributions made by industry do
not represent an investment cost to the industry but an operating cost. In other
words, when unions invest in new courses or equipment in response to licensing
requirements, these union investment costs are passed into industry operating costs
in the form of increased wages or benefits. The regulatory staff must try to
estimate these increases as an increase in vessel operating costs. Do not also
estimate the union investment costs because to do so results in double counting.
Sources of data regarding potential increases in employer training contributions
include the union training institutions and the Maritime Manpower Impact System.

Thus far, industry investment costs in training due to a licensing regulation,
have been discussed. It is very easy to mix up industry investment costs with
industry operating costs of training. The difference is this. Investment costs in
training include any one-time increased expenditures for new schools, courses,
tuition, equipment, handbooks, etc. These investment costs may be recurring, e.g.,
handbooks may have to be replaced every 5 years. But they are not recurring on an
annual basis. Any training costs paid annually are considered part of a vessel's
annual operating costs. For example, if the regulation requires shipmasters to
demonstrate proficiency on certain equipment every 6 months, the costs of the
regulation are considered part of vessel operating costs. Alternatively, stiffer
requirments for obtaining original certificates of service impact investment costs.

Operating Costs

There are two main categories of vessel operating costs likely to be
impacted by a licensing requirement: personnel and training.

Personnel

As mentioned previously, the employer contribution to union training funds

per employee may increase as the result of the licensing requirement. In this case,
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per vessel personnel costs of the regulation are calculated by multiplying the
increase in training contribution per employee by the number of vessel personnel
impacted, In addition, if a licensing regulation leads to an increase in skill level for
certain ratings, unions may bargain for an increase in wages. Possibilities of this
sort should be investigated by the regulatory staff.

Training

A regulation may require vessel personnel to periodically demonstrate pro-
ticiency or perform regular drills. To calculate the costs of such training exercises
requires an estimate of the number of crewmembers involved, the number of hours
expended in the exercise, and the appropriate wage rate, either straight time or
overtime.

Other Operating Costs

It is unlikely any other operating costs will be impacted significantly by a
licensing regulation. They can be safely ignored.

E. Vessel Inspection Cost Procedures

Standard planning factors for person-hours required to conduct various types

of vessel inspections are contained in the Operating Program Plan for Commercial

Vessel Safety,* 11 July 1977. This section of the manual is not devoted to cost
procedures for routine vessel inspections currently required by existing Coast
Guard regulations. This section is designed to discuss procedures for new types of
vessel inspection currently being considered by IMCO for implementation through-
out the world. Singular emphasis is focused upon vessel boardings to conduct
unscheduled inspections.

There are three potential areas which may be impacted as the result of

increased inspection requirements:

o Inspecting officer compensation.

o Transit to and from the inspected vessel.

o Vessel delay costs associated with interference with normal
operations.

Therefore, only operating costs will be addressed.

*This plan is published by the Planning and Special Projects staff, Office of
Merchant Marine Safety.




Inspecting Officer Compensation

While it is true in-house personnel compensation for the current staff is
relatively "fixed" over, say, a year's period, if personnel are required to perform
different duties (e.g., increased inspections), their normal routine is neglected and
an opportunity cost will be experienced. In this case, the opportunity cost is what is
foregone, e.g., previous duties, as a result of undertaking different duties. This
method is used in this particular case since project costs relate to courses of
action. Financial accounting, on the other hand, values concrete things.

Since the grade levels of inspecting officers vary, the regulatory staff
should use the pay grade contained in Section VII of this manual of $23,400 per
annum for commissioned officers when grade distribution is unknown. All recurring
costs should be calculated and added to pay to obtain total compensation. OG 20.00
Permanent Change of Station (PCS) should be calculated using the inside U.S.

recurring factor of $1,420. Total compensation would thus tally as follows:

Pay and Allowances - $ 23,400
PCS - 1,420
Operating and Maintenance - 1,040
Training and Procurement - 198
Total - 526,058

Using a standard availability rate of 2,080 hours per year, this yields an approx-
imate (rounded) averge compensation rate of $12.50 per hour.
For every vessel inspected, one inspecting officer's rate should be multiplied

by the estimated number of hours to conductl

the unscheduled inspection. This
factor should, in turn, be multiplied by the estimated number of vessels to be
inspected every year. Enter the results of these computations under military
personnel annual costs on line IIILA.2, Format 5. If additional inspecting officers
are required to perform this function then their annual compensation rate should be
used instead of the oportunity cost approach just described. Carry forward totals to
Format 6. This is a realized cost approach, since personnel are added to handle the
increased level of work rather than diverting existing personnel from other duties.

Transit To and From Inspected Vessels

Although it is unknown whether unscheduled inspections will take place
other than at dockside, in the event this type of inspection involves transit by
Coast Guard boats, a cost will be incurred. Standard rates for small boats are

l. If other than a dockside inspection, include one additional hour for transit time
if transportation is required.
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contained in COMDTINST 16465.2a Series. For calculation purposes, it is reason-
able to select a single boat type. It is further recommended, for the sake of
consistency, factors for the 40-foot utility boat (UTB) be employed, less the costs
of depreciation. Capital costs of the boat are considered sunk and not applicable to
a decision to increase vessel inspection frequency. For example, the following rates
are applicable for the 40-toot UTB:

1978 Dollars

Personnel - $10.43/hour
Fuel - 3.35/hour
Other* - 31.72/hour
Total: $45.50/hour

* "Other" consists of primarily of maintenance.
Updated factors were obtained from the point of contact cited (Economic Analysis
Branch).
The total fee for transportation should be calculated per visit as follows
using % hour enroute! travel to the vessel and % hour return leg per vessel:
A. Intransit= | hour @$45.50.
B. Moored alongside= X hours for vessel inspection @$42.15 (the
intransit factor less fuel).
Add the total of A. and B., multiply the number of vessels to be impacted very
year, enter on line IlI.D., Format 5. Carry forward to Format 6.
Point of Contact: Office of the Comptroller, Economic Review Division, Economic
Analysis Branch, U.S. Coast Guard Headquarters, Washington, D.C.
Vessel Delay Costs

In the event the vessel to be inspected is delayed, factors contained in
Section VII should be multiplied by the number of vessels impacted by type and size
and entered into line IV.A. on Format | for the total delay costs. Note daily vessel
operating costs may be further broken down into hourly cost factors by dividing by
24,

Since there will be a difference in the inspection delay cost between newly
constructed vessels and retrofits, the regulatory staff should carry the totals
forward to Format 2C, Operating Costs (New Construction), followed by calcula-
tions for Formats 3 and 4 eventually to be coupled with U.S. Government costs on

Format 7. A full discussion of completing Formats 2-4 is contained in Section V.

1. To be used oniy in the absence of more definitive estimating criteria.
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F. Vessel Operating Cost Procedures

This section is devoted to discussion of daily operating cost factors and
procedures for tankers, cargo vessels and vessels which piy inland U.S. waterways.
The reason for developing such factors is to identify the loss in productivity (or
cost) if a vessel is taken off line or delayed as the result of regulatory action (e.g.,
inspection or required to clear the channel for an LNG docking).

The factors were developed with two principal criteria:

o Base data must be updated on an annual basis.
o Factors employed should be easy to revise and use.

It is notea no costs of capital are included within the base factor data.
Capital costs may be considered sunk and not a contributing factor to the majority
of decisions pertinent to regulation implementation.

At the conclusion of the portion of this section dealing with tanker cost
factors a list of demurrage factors (Table 4, Page 86.) are provided to give the
regulatory staff an alternative reference point. No demurrage factors are
contained in this section for other types of vessel since these rates vary widely
depending upon the cargo carried and the port of call.

An implicit assumption is that U.S. operating costs are roughly equivalent to
foreign flag operating costs. The foreign vessel cost data used by Mar.Ad as the
basis for determining U.S. subsidies must often be estimated. It is recognized that
while subsidies do not cover all operating cost differentiads,l there is no sound
basis to make adjustments to account for potentially cheaper foreign vessel
operating costs.

Cargo Vessel Operating Procedures

The following daily operating cost factors for ocean-going cargo vessels may
be usad when calculating the cost of delays in operation or drydocking as the result
of implementation of a regulation. Vessel costs are classified by deadweight
tonnage (DWT) for purposes of data compatibility with other types of Coast Guard

analysis (e.g., risk assessment):

L. All operating cost elements are not eligible for subsidy under MarAd's
subsidy program.
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1978 Daily Opesa)ting

DWT Cost Factor—
9,000 $17,393
10,000 - 12,000 16,304
13,000 - 14,000 21,056
15,000 36,356

E/Per Page 81.

There are no "ready-made" operating cost factors published by industry
which pertain to either ocean-going or in-land waterway vessel movements.
Adhering to the rule that cost procedures and factors should be amenable to
relatively easy update every year, current Maritime Administration ana U.S. Army
Corps of Engineer repoiis offer the best basis for deriving commercial vessel
operating costs.

The Office of Ship Operating Costs (MarAd) develops and makes available
summary sheets of daily operating costs of subsidized vessels. Data reflected in
these summary sheets are available from 1965 to 1975 (the latest year available).
Table | is a duplicate of the 975 summary sheet. The summary sheets are based
upon annual input of several hunired shippers and are developed every year as the
data are tabulated. Data for 1976 ire now in the process of being tabulated. These
data are an ingredient in determining operating differential subsidies and can
therefore be considered roughly representative of world fieet costs as well.

The lines of interest in development of cargo vessel operating costs on this
report format are lines 9 through 28 of Table 1 dealing with vessel expenses. These
add to a total vessel operating expense per voyage day on line 6. The regulatory
staff is discouraged from using line 5, Vessel Operating Revenue Per Voyage Day to
calculate operating costs. The reason for this is that in 1975 3 out of 1l vessel
types, per line 8 of Table |, were operating at a loss. In additicn, the regulatory
staff is interested in calculating real costs incurred as the result of consumed
resources as contrasted to profit considerations.

There are several data compatibility problems in molding these data into
useable cost factors. The following steps are applicable:

Step |

The initial data conversion necessary involves resolving a classification
problem. MarAd classifies vessels by type; e.g., C-3, C-4, etc. These classifications
must be converted to a vessel size (deadweight tons) in order to be compatible with

risk assessment generated data. It is noted there is no direct
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relationship between vessel type (C-3) and size (DWT) classifications. Within one
vessel type you will find several different sizes. Therefore, the Vessel Inventory
Report (as of June 30, 1977) published by MarAd must be turned to in order to
match type and size classifications of cargo vessels. This may be achieved by
comparing types and sizes and selecting the mode, or the most frequent observa-
tion of a given weight for a vessel type. Vessel size and weight relationships using
this method yield:

Type DWT (X 1,000)
C-1 Less than 10
C-2 10

C-3 11-12

C-5 15

C-6 20

C-8/9 38

Step 2

Selected data sources to be employed in risk analysis of vessels subject to
regulatory changes do not identify any vessel weight over 15,000 DWTs. This is true
of the Vessel Casualty Reporting.System (VCRS). Therefore, any operating cost for
a vessel over this threshold will be the average (C-5, C-6 and C-8/9).

Step 3

Nothing in the U.S. subsidized fleet is reportedly smaller than C-3 and would
therefore not show up in the MarAd summary sheets of "Daily Operating Costs of
Subsidized Vessels." The MarAd publication "A Statistical Analysis of the World's
Merchant Fleet," 31 December 1976, notes that of the world's (then) inventory of
12,923 merchant type freighters, roughly 59 percent or 7,614 vessels, falls below
9,000 DWT (or below the C-3 threshold).

World Fleet
DWT (000) Under 2 2-3.9 4-6.9 7-8.9
{## Vessels 91 2,616 2,826 1,231

In the absence of a reasonable methodology to estimate cost factors below
the C-3 level, the following factors should be used:

DWT (X 1,000 Less Than 9 9-.12.9 13-14.9 15+
Old C-3 New C-3 New C-4 Ave. C-5, C-6 and
C-8/C-9

The distinction between old and new vessel types is contained in the column leader
information on the summary sheets,
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Step 4

The cost factors contained in the MarAd summary sheets for cargo vessels
are in 1975 dollars. These must be adjusted to current (1978) dollars using an
inflation factor. MarAd has no cost element-specific inflation index applicable to
wages, fuel, etc. However, a marine industry-wide inflation rate of 8 percent per
annum was recommended for use in updating 1975 dollars. While later refinement
may be in order, using a gross average of, for example, 8 percent is considered
appropriate in the context of the gross averaging technique used to compile the
base data. The following figure reflects calculation of this last step to arrive at
cargo vessel daily operating costs:

@1.08%/Annum

Vessel Type DWT 1975 Factor (1978 Factor)
C-3 0ld 9,000 13,807 17,393
C-3 New (1) 10-12, 000 12,943 16, 304
C-# New 13-14,000 16,715 21,056
C-5 New 15,000 25, 556 32,193
C-6 & 8/9 More than 15,000 32,166 40,520 936,356

(1) All new figures are expressed in terms of automated versions.
(2) An average of $29,376 and $34,956. The C-5 and C-6 and 8/9 total should be
averaged to obtain a factor of $36,356 for 15,000 DWT and higher.

Automated versions were selected for cost factoring since they will be more
representative of the world fleet over the next 30 years than non-automated
versions.

Tanker Operating Cost Procedures

The following daily operating cost factors may be used when calculating the
costs of delays experienced as the result of implementation of a regulation, Vessel
costs are classified by deadweight tonnage (DWT) to be compatible with other
forms of Coast Guard vessel analysis (e.g., risk management).

1978 Daily Operating

PDWT Cost Factor
25,000 $10,400
35,000 12,178
35,000%* 9,562
45,000 12,987
55,000 14,494
65,000 14,412
80,000 16,180
120,000 16,950
225,000 27,053

390,000 28,3800




The Office of Ship Operating Costs, Maritime Administration began collect-
ing tanker operating cost data in 1966. Currently, about 30 shipping firms provide
input for several vessels in each deadweight ton class listed. The steps used in
formulation of daily operating costs of tankers are as shown.

Step 1

Factors provided by MarAd for tankers are listed at Tables 2 and 3. Note
cost factors are provided for a yearly period. Annual data should be dividea by a
350-day operational year.

Step 2

Note no costs are listed for fuel. It is necessary to build a series of scenarios
on average fuel use. First, however, it is appropriate to select an "average" cost
factor for fuel. MarAd regulatory staffs recommend use of a current factor of $78
a ton. The price of fuel varies widely by geographic point of sale. The 1978 dollar ]
factor is slanted to U.S. waters and is low by comparison with most regions of the :
world, More refined factors are available in industry publications, one of which is a
weekly document by EXXON titled "International Contract Price List (EXXON) for ;
Marine Fuel Delivered as Ships' Bunkers."

Step 3

Calculation of fuel costs requires developing scenarios of probable con-

sumption based on representative trade routes. For factoring purposes, the
tollowing representative routes were selected and matched with vessels sizes likely
to ply these routes.
Short -- 25,000; 35,000; 35,000 (Diesel); 45,000 DWT vessels. Curacao -Port
Arthur, Texas - 1,785 nautical miles.
Intermediate -- 55,000; 65,000; 80,000 DWT vessels. Nigeria - Texas -6,100
nautical miles.
Long -- 120,000; 225,000; 390,000 DWT vessels. Kharg Island (Persian Gulf) -
Curacao - 10,850 nautical miles.
Step 4
Select a steaming speed, time in port for each leg of the voyage and length
of each operation year. The purpose is to arrive at a weighted average of a
representative fuel consumption per day:
- 15 knots
- 4 days in port
- 350-day operational year
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Table 2

1976/77 TANKER OPERATING COSTS
(5 Per Year)

(DIESEL)
25,000 DWT 35,000 DWT 35,000 DWT
WAGES 1,543,300 1,608,200 1,353,300
SUBSISTENCE 61,500 60, 500 59, 500
MAINTENANCE & REPAIR 385, 500 303,000 276,200 ,;
INSUR ANCE 231,300 287,200 197,900 |
STORES & SUPPLIES 102, 500 147,600 182,200
MISCELLANEOUS 140,400 124,400 122,000 :
FUEL CONSUMPTION |
@ SEA (L. TONS/DAY) 54 87 55 (HVFO) L
IN PORT (L. TONS/DAY) 13 17 11 (HVFO) |
45,000 DWT 55,000 DWT 65,000 DWT
WAGES 1,620,800 1,636,900 1,724,500 !
SUBSISTENCE 77,500 59,000 58,100 t
MAINTENANCE & REPAIR 315,900 429,100 298,900 !
INSURANCE 367,800 161,900 252,800 ¢
STORES & SUPPLIES 113,400 94,000 110,100 -
MISCELLANEOUS 135,100 141,600 141,500 H
FUEL CONSUMPTION ;
@ SEA (L. TONS/DAY) 93 100 96 ¥
IN PORT (L. TONS/DAY) 24 27 25 g
80,000 DWT 120,000 DWT
WAGES 1,496,200 1,582,500
SUBSISTENCE 44,900 56,200
MAINTENANCE & REPAIR 346,300 589, 500 ;
INSURANCE 343,300 296,400 %
STORES & SUPPLIES 134,600 95,700 |
MISCELLANEOUS 156,600 82,300 ;
FUEL CONSUMPTION
@ SEA (L. TONS/DAY) 127 122
IN PORT (L. TONS/DAY) 26 23

Point of Contact: Office of Ship Operating Costs, Maritime Administration,
Department of Commerce, Washington, D.C.
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Table 3
1978 TANKER OPERATING COSTS
(S Per Year)
225,000 DWT 390,000 DWT
Wages 1,587,000 1,780,000
Subsistence 73,800 60,000
Maintenance & Repair 684,000 590,000 1 H
Insurance 1,515,000 1,920,000 .
Stores & Supplies 172,500 280,000
Miscellaneous 162,150 130,000
Fuel Consumption:
At Sea (L. Tons/Day) 220 220
In Port (L. Tons/Day) 80 90

Note: Costs shown are averages of several vessels in each class submitted by 30 U.S. firms,

Point of Contact:  Office of Ship Operating Costs, Maritime Administration
Department of Commerce.
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Step 5

Perform calculations. Example: 25,000 DWT, vessel, short haul: Curacao -

Port Arthur (1,785 nautical miles one way).

15 knots @24 hours = average 360 miles per day
1,785 miles 360 miles/day = 5 days enroute
+4 days in port
9 days/leg
350 operational days 9 days/leg = 38.8 legs
38.8 legs (@4 port days = 155 days in port
38.8 legs @5 voyage days = 195 days at sea

25,000 DWT Factors (From Table 2)
AtSea - 54 long tons/day (@195 days at sea per year @578/long ton = $821,340
InPort - 13 long tons/day (@155 days in port per year (@78/long ton = $157,170
$821,340 + $157,170 = $978,510/ year
$978,510/year 350 operating days = $2,795/day

Note: Had one used only at-sea fuel consumption (54 long tons/day), the factor
would be $4,212/day for fuel consumption. ,

Step 6 '
Inflate 1977 daily operating expense by 8 percent and add the fuel cost. See

rationale of using an 8 percent inflation factor to arrive at 1978 constant dollars in
the section dealing with cargo vessel operating costs.

Total
Size Expenses @108% 350 S Fuel Oper $/Day

25,000 DWT $2,464,500 2,661,660 7,605 2,795 $10,400
Using this method the following costs are obtained by vessel weight. Short,

intermediate and long haul are indicated by initial after each weight:

DWT Haul Oper $/Day
35,000 S $12,178
35,000 * S 9,562
45,000 S 12,987
55,000 I 14,494
65,000 I 14,412
80,000 1 16,180
120,000 L 16,950
225,000 L 27,053 =»
390,000 L 28,300 »+

* Diesel
*a Provided in 1978 $§ from Marad.
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Table 4
1978 TANKER OPERATING COST COMPARISON
($)
Operating Demurrage/Day
DWT Cost/Day World Scale 100
25,000 $2,795 $3,000
35,000 (Diesel) 9,562 4,750
45,000 12,987 6,750 :
55,000 14,494 8,875
65,000 14,412 11,075
80,000 16,180 14,400 f
120,000 16,950 24,700 {
225,000 27,053 48,300 .
390,000 28,800 85, 500 T

Point of
Contact: Office of Ship Operating Costs Mantime Administration. Department of
Commerce, Washington, D.C.
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River Vessel Operating Cost Procedures

The following daily operating cost factors and procedures may be used when
calculating costs attributable to vessel delay or out of service periods for inland

waterway vessels as the result of implementation of a regulation.

1978
Tow Boat Average Unit
Length (Feet) Operating Cost/Day
46 $ 627
57 714
78 1,393
110 1.709
131 2,193
146 2,893
150 3,415
160 3,723
175 4,232
180 4,835
182 5,053
190 3,440

Table 5 was extracted from input data for the Inland Waterways Cost Model
administered by the U.S. Army Corps of Enginers. The data consist of total
variable costs for "operating" and "manuevering." Operating time is associated
with line haul, manuevering represents time in harbour and docking manuevers.
Since different types of tow operation have varying degrees of manuevering, it
should be assumed operations and maneuvering share the towboats' times and the
two factors should be averaged. For example, in the case of the 300 HP 46
towboat, the regulatory staff should average $23.45 (operation) and $21.39 (maneu-
ver) to arrive at an hourly average of $22.42. Since line haul towboats are normally
kept underway, continually picking up and dropping barges, it should be assumed
they are available 24 hours per day. Therefore, in the example, the 46' towboat
would incur average daily operating costs (less the costs of capital) of approxi-
mately $538 ($22.42 x 24 hours). The data shown on table 5 are in 1976 dollars.
Therefore, they must be escalated to current year (1978) dollars at a consistent 8
percent inflation factor. The variable operating costs for barges are negligible and
should be excluded from calculations. The towboat data are derived from periodic
field surveys conducted by the U.S. Army Corps of Engineers. Typically, these
surveys take place every 2 years and involve surveying 20 to 30 towboat companies
and 2 to 3 builders of towboats. The appropriate contact for Corps of Engineers
operating cost data is located in Room 4E050, the Forrestal Building in Washington,
D.C.:
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Planning Division

Civil Works

U.S. Army Corps of Engineers
Telephone: (202) 693-1590

Great Lakes Vessel Operating Cost Procedures

The following factors and procedures may be used when calculating the

costs attributable to vessel delay or out of service periods:

1978
Average Unit
DWT Operating Cost/Day

9,000 - 10,999 $ 6,563
11,000 - 13,999 7,480
14,000 - 15,999 9,668
20,000 - 22,999 10,266
23,000 - 25,999 10,972
26,000 - 31,999 11,277
32,000 - 43,999 10,975
44,000 - 58,999 14,321

59,000 - 71,999 15,019 f\17’293*

72,000 - 89,999 16,375 verage
90,000 - 107,999 21,574
108,000 - 129,999 23,890
130,000 - 154,999 26,293
155,000 19,267

* The VCRS does not identify bulk carriers over 15,000 DWT. In this case, an
average of $17,293 should be employed.

The Maritime Administration's Office of Domestic Shipping develops daily
operating cost factors of vessels plying the Great Lakes. Various and diverse
internal information systems are employed to arrive at these data within MarAd.

Stripping away "budget costs" for construction, the basis of estimated costs
is as follows:

Wages: includes base, overtime, and other expenses such as taxes,
contribution to vacation and welfare plans, etc. Based on a 32-man crew,
automated to a 2-man engine watch at wage rates effective June 16, 1977.

Subsistence: Includes the cost of all edibles, sales taxes, delivery
charges, and loading costs.

Stores, Supplies, and Equipment: The cost of all consumable stores,

supplies, and expendable equipment other than edibles, fuel, and water,

89



Insurance: Annual cost for H&M, P&l, and port risk for the operating
period between April 1 and December 31, 1977. Cost rates for operation during
extended season not included.

Maintenance and Repair: Repair work not recoverable from insurance

including a reserve for special surveys, dry docking, inspection, and lay up.
Fuel Cost: Based on spot prices in Cleveland of $12.80/bbl for bunker
"C" and $17.20/bbl for marine diesel.

The data are calculated using a 250-day operating year. Data obtained from
MarAd are expr2ssed in detail and are available (but not included in this manual) in
1977 dollars and have been updated to 1978 dollars using an 8 percent inflation
factor.

The point of contact for updates of basic Great Lake vessel operating cost

data is:
Offire of Domestic Shipping
Maritime Administration
(202) 377-5478

G. In-House Training Costs Procedures

The Marine Safety School, USCG Reserve Training Center in Yorktown
conducts a large portion of safety related courses for Coast Guard personnel. A
current variable cost factor used for quick calculations is $4.85 per student day for
all courses. This includes: (1) publications, (2) travel costs for instructors, (3)
equipment, and (4) reusable training materials. Note the factor does not include
instructor costs (i.e., pay and benefits). If increased schooling is required as the
result of regulation implementation, instructor costs should be included. Further-
more, if new construction is required to handle a new or expanded class, such costs
should also be included.

The Marine Safety School is hesitant to provide general cost factors for
training since there is a wide variation in calculated results depending upon what
questions the regulatory staff is attempting to answer. The school staff normally
prepares a cost worksheet on request that often runs 20 pages in length. Inquiries
concerning training costs should be directed to:

The Marine Safety School

USCG Reserve Training Center
Yorktown, Virginia 23690
or call (804) 898-3500
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1 Another knowledgable point of contact within Coast Guard headquarters
concerning budget costs of training is the Office of Personnel, Training and
i Education, Washington, D.C. Each school within the Coast Guard has a cost center
by object code (e.g., transportation). This office is in the process of collecting cost
data for each center but has not yet compiled a complete year's data.

Ideally, the following elements of costs should contribute to developed

training cost factors if the data are available:
o Student transportation costs to and from school, except when
a permanent change of station follows the training period, in
which case the second leg of the trip should not be charged to
training.

OUE NI S SR~ o

Consumables (publications, etc.)

Instructor time - using standard military or civilian pay cost
factors.

o Facility operation and maintenance costs to include utilities.
Do not include fixed costs or attempt to amortize investment
costs of existing facilities since these are "sunk" and not
applicable to the decision process.

Training ammunition.
Facility overhead (administrative costs not included under

operation and maintenance).




SECTION VI
COST FACTORS

A. General
Selected individual cost factors to be used in cost-benefit estimating

exercises are contained in this section. In some cases, in-house cost factors
contained in planning manuals and other sources have been extracted and quoted
herein to provide the regulatory staff with a convenient single-source document for
common cost factors.

It is noted single daily operating cost factors are listed for vessels; costs are

R Sneyaiier. AR

not broken out in terms of wages, fuel, etc. This is done strictly for the
convenience of the analyst. Details of how these single numbers were derived are

contained in Section VI. When using single daily operating cost factors for vessels,
such factors should be entered under the cost element "Total Delay Costs" on
Format 1.

B. Vessel Delay Cost Factors

The following daily operating cost factors may be used in calculating vessel
delays incurred as the result of implementing a regulation. These factors are
derived from 1977 operating cost data supplied by various MarAd offices, updated
by an escalation factor recommended by MarAd. It should be noted that daily
operating costs include wages, subsistence, stores, repairs, maintenance, fuel and

v

insurance expenses. The rationale behind the development of these factors is
contained in Section VI. The majority of these factors are expressed in terms of
deadweight tonnage (T "/T) classifications. Tow boats are classified by length.

Ocean-Going Cargo Vessels

DWT (1978) Daily Operating
(X 1,000) Cost Factor
9 $17,393
10-12 16,304
13-14 21,056
15 36,353

Point of Contact: Office of Ship Operating Costs, Maritime Administration;
Telephone: (202) 377-4321; Room 3085, Department of Commerce Building,
Washington, D.C.
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Tankers

(1978) Daily Operating

DWT Cost Factor
25,000 $10,400
35,000 12,178
35,000 9,562
45,000 12,978
55,000 14,494
!, 65,000 14,412
| 80,000 16,180
: 120,000 16,950
225,000 27,053
390,000 28,800

Point of Contact: Office of Ship Operating Costs, Maritime Administration.
Telephone:  (202) 377-3954, Room 3078, Department of Commerce Building,

Washington, D.C.
Inland Waterway Vessels (TOWBOATS)
(1978) Daily Operating
Length (Feet) Cost Factor
; 46 $ 627
57 714
78 1,393
110 1,709
131 2,193
146 2,893
150 3,415
160 3,723
175 4,232
180 4,835
182 5,053
190 5,440

Point of Contact: Planning Division, Civil Works, U.S. Army Corps. of Engineers.
Telephone: (202) 693-1590, Room 4E050, Forrestal Building, Washington, D.C.

Great Lakes Vessels

(1978) Daily Operating

DWT Cost Factor
9,000-10,000 $ 6,563
11,000-13,000 7,480
14,000-15,000 9,668
15,000 17,293

Point of Contact: Office of Domestic Shipping, Maritime Administration. Tel-
ephone: (202) 377-5478, Room 6606, Department of Commerce Building, Washing-
ton, D.C.




C. Annual Standard Personnel Cost Factors

These factors were extracted from COMDTNOTE 7100, dated 31 January
1978, and are listed here strictly as a convenience to the regulatory staff. Factors
are in 1978 dollars.
1. Pay, Allowances and Salaries.
Annual Salary ;
Civilian BudgetAverage
GS-18 $ 51,400 ]
GS-17 51,400
GS-16 45,900
GS-15 39,200
GS-14 33,400
GS-13 28,300 ¥
GS-12 23,900 H
GS-11 20,000
GS-10 18,200
GS-9 16,600
GS-8 15,500
GS-7 13,600
GS-6 12,300
GS-5 11,000
GS-4 9,900
GS-3 8,900
GS-2 7,900
GS-1 7,000
Wageboard 18,700

1 General Schedule Pay Scales limit the basic compensation rate for employees at
these levels to the rate for level V of the executive schedule at $47,500. The
additional amount of approximately $3,900 is for the governments' contribution for
Civil Service Retirement, FEHGA and FEGLIA. These factors do not include
overseas station allowances.

Point of Contact: Civil Service Commission, Washington, D.C.




Military
When Grade Distribution Not Known:
Commissioned Officers $23,400
Warrant Officers 20,700
Enlisted Men 11,600
0-6 (CAPT) 37,300 i
0-5 (CDR) 31,000 '
0-4 (LCDR) 26,200
0-3(LT) 22,200
0-2(LTJG) 18,000
0-1 (ENS) 13,100
W-4 25,000 1
w-3 21,100 ».3
; w-2 18,300 ‘
E-9 (MCPO) 21,100
E-8 (SMPO) 18,300
E-7 (CPO) 16,200
E-6 (PO1) 13,800
E-5 (PO2) 11,600
E-4 (PO3) 10,000
E-3 (SN) 8,900
E-2 (SA) 7,700
E-1(SR) 7,100
Flight Pay:
Commissioned Officers 2,500
Warrant Officers 1,800
Enlisted Men 1,050

Sea or Foreign Duty Pay:
Enlisted Men 170

Note: The above military pay and allowances cost estimates do not include

overseas station allowances. Such costs are to be calculated separately

based on current rates, and where applicable, added to the above costs

estimates,
Source: Office of Comptroller, U.S. Coast Guard Headquarters, Washington, D.C.

2, Support Costs
See the following page for standard factors used in calculating Coast

Guard personnel support costs.
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SECTION VIII
FLEET FORECAST

A. Introduction

The preceding sections of this manual present procedures and factors with
which the regulatory staff can measure industry and government costs of CVS
regulations. This section contains forecasts of U.S. and world commercial fleets
necessary to complete many of the formats for cost measurement. In addition,
recommendations are presented for those occasions when these forecasts are not 3

adequate as presented. L
B. Forecast Background ‘

The U.S. and world fleet forecasts presented herein summarize the findings
published in Merchant Fleet Forecast of Vessels in U. S. - Foreign Trade, a report

prepared by Temple, Barker and Sloan, Inc. (TBS), under contract to the Office of
Commercial Development, Maritime Administration, U. S. Department of Com-
merce. The TBS study, which was released in May, 1978, is one of several analyses
of merchant fleets frequently prepared under the aegis of the Maritime Adminis-
tration,

Several such forecasts were examined. The TBS study was chosen as the
source of the enclosed forecasts because it was the most current and detailed
analysis available. The TBS forecasts were prepared using Maritime Administration
cargo forecasts by trade routes; commercial, operating, and national maritime

policy as well as general commercial factors. The resultant fleet forecast prepared
by TBS contained the number, size, and design characteristics of nine types of
commercial vessels. In addition, U. S. and worldwide projections of new construc-
tion by vessel type were prepared for the forecast period. Such projections can be
of particular use to the regulatory staff when analyzing regulations which
specifically address newly constructed vessels. The forecasts provided in this
section also summarize those TBS findings. If detail greater than that provided
herein is needed, the regulatory staff can turn to the original report.

It has been noted that the TBS study is just one of many analyses of U.S. and
worldwide merchant vessel fleets sponsored by the Maritime Administration. As
time passes or needs and requirements change, it will become necessary for the
regulatory staff to seek other, perhaps more timely fleet forecasts. It is likely the
Maritime Administration will continue to be the best source of such information
and it is, therefore, recommended that future searches for fleet forecasts begin
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within that organization. Among the Maritime Administration offices frequently i
sponsoring such fleet analyses are: the Office of Trade Studies and Statistics; the ’
Office of Maritime Manpower; and, the Office of Commercial Development. )
C. Using Forecasts !
l
|

As indicated in Section V, for Cost Measurement, one of the first things the
regulatory staff must do in measuring costs is to separate the impacted vessel
population into classes by size and by type. This is, of course, because the costs of
a regulation often will vary with different sizes and different types of vessels.
Having done so, the regulatory staff then provides the identifying information |
required at the top of Formats 1 - 3 as appropriate. The regulatory staff identifies
the vessel type (e.g., general cargo ships), describes the vessel size (e.g., 5 - 10
DWT), and indicates the vessel class according to the system decided upon. Only
those formats pertinent to the analysis need be completed. For example, if a

regulation requiring the installation of certain safety equipment has no impact

upon research and development or operating costs, the regulatory staff would
compjete Formats 1, 2-B, 2-C, 3, &4, 5, 6, and 7. Formats 2-A, 2-D, and 2-E should
be ignored.

The regulatory staff may encounter certain difficulties in utilizing these
fleet forecasts. The first area of difficulty could be the TBS classification system
which assigns 51 vessel types to 9 groups. Table 6 presents the composition of the 9
vessel groupings. A regulation which addresses a vessel type within a vessel group
(e.g., tanker) could pose problems to the regulatory staff. In such cases, one of two
courses is recommended. First, the regulatory staff could examine alternate

sources of information. For example, the Coast Guard regularly publishes lists of
inspected tankships including information about cargo carried, size, age, etc. This
data is current and rather detailed, and provides the means by which the regulatory
staff can determine the ratio of a particular ship type to the larger vessel
grouping. The second option would be to use expert estimates of the ratio of ship
type to vessel group. Such ratios can then be used to multiply the total values for a
vessel group to come up with an estimated count of a particular type within the

group.
Another source of difficulty could be the forecast's use of 5-year increments
extending only to year 2000. In the event the regulatory staff needs annual
forecasts or forecasts beyond the study's horizon, a simple linear extrapolation
should be adequate. 1f, for example, the regulatory staff needed annual forecasts
for 1980 - 1990, a simple method would be to: (1) calculate TBS forecast changes
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| Table 6
1 ASSIGNMENT OF SHIP TYPES

TO VESSEL GROUPS

Conventional General Cargo

Freighter
Freighter/Nuclear
Freighter/Refrig.
Combo. Pass. & Cargo
Combo/Refrig.
Combo/Nuclear

Partial Container

Pallet Carrijer
Partial Container

Full Containership

Containership
Container/Car Carrier
Container/Rail Carrier
Container/Ro-Ro
Rol1-on/Roll-off

Barge Carrier

Barge Carrier
Container/Barge Carrier

Neobulk

Bulk/Car Carrier
Bulk/Containership
Bulk/Timber Carrier
Car Carrier

Timber Carrier
Cattle Carrier

Dry Bulk

Bauxite Carrier
Bulk Carrier
Cement Carrier
Colliers
Limestone Carrier
Nickel Carrier
Ore Carrier
Pellett Carrier
Phosphate Carrier
Salt Carrier

Sand Carrier

Urea Carrier
Woodchip Carrier

Combination Carriers

Bulk/0i1
Ore/Bulk/011
Ore/0i) Carrier

Liquefied Gas

LPG Tanker
LNG Tanker

Liquid Bulk Carrier

Asphalt Tanker
Asphalt/Bitumen
Bitumen
Chemical Tanker
Molasses Tanker
Nuclear Tanker
Phosphorus Tanker
Solvents Tanker
Sulphur Tanker
Tanker

Whaling Tanker
Wine Tanker

Source: Merchant Fleet Forecast of Vessels in U, S. - Foreign Trade,

Temple, Barker & Sloane, Inc., Table V - 10
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in fleet size from 1980 - 1985; (2) divide TBS forecast changes in fleet size over
that period by 5 to estimate annual rate, adjust 1980 values to estimate 1981, then
use 1981 values to estimate 1982 and continue through to 1985; (4) repeat the
procedure for the period 1985 - 1990. In the event the regulatory staff needs a
forecast beyond 2000, analysis of the trend forecast between 1980 - 2000 should be
done to estimate a rate of change in the fleet size. The calculated rate of change
can then be used to project forward as far as needed. It should be noted again that
the regulatory staff might also consider seeking additional forecasts from other
sources.

Another shortcoming of the TBS fleet forecast is its focus upon the world
fleet rather than U. S. flag fleet. This focus is, however, somewhat predictable
because it is far easier to estimate worldwide vessel numbers than it is to
distribute that world fleet among particular flags. The former requires estimates
of worldwide cargo movements while the latter requires numerous presumptions
about matters political in nature. The regulatory staff should understand this
situation exists even though little can be done about it. The regulatory staff must
assume that the factors that determine which flag of registry a vessel uses will
balance themselves and that present circumstances will continue into the future.

The regulatory staff should recognize that both the fleet forecasts and the
projections of new construction exclude vessels under 1,000 DWT. As a result,
certain vessels such as inland waterway barges are ignored by the forecasts. If the
regulatory staff has a need for data on such vessels, other sources will have to be
explored. One recommended avenue would be Coast Guard records of inspected or
certificated vessels,
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SECTION 1X
COST IMPACT PROCEDURES

A. Introduction

Sections IIl through VII of this manual detail procedures which can be used
to measure the industry costs of CVS regulations. The purpose of this Section is to
describe procedures to trace the interindustry impacts of these regulatory costs
and determine their measurable impacts on GNP, inflation and other economy-wide
indicators. The Interindustry Forecasting Model of the U.S. Economy, at the
University of Maryland, INFORUM, is the major tool which will be used for
accomplishing these two goals.
B. INFORUM Background

The U.S. economy is a complex web of interindustry and consumer relation-

ships. Each industry absorbs part of its output itself, sells some to other industries
as inputs into their production, and delivers the remainder to final consumers.
Input-output analysis describes the technical interrelationships of the economy and
traces the flow of outputs among industries to the level of final demand. Input-
output analysis also provides information on the cost/price structure of each
industry and can be used to measure the direct and indirect repercussions of
changes in prices or changes in demand.

INFORUM uses the input-output relationships prepared by the U.S. Depart-
ment of Commerce and updated by INFORUM to obtain a detailed year-by-year
forecast of the U.S. economy for 10 to 15 years into the future. The two types of
forecasts are the final demand forecasts and the interindustry forecasts. The final
demand forecasts consist of the size and annual growth rates of:

o Gross National Product (GNP),

) Personal consumption expenditures for durable goods, non-
durable goods and services.

o Gross private domestic investment in residential structures,
producers' durable equipment and inventory change.
Exports and imports of goods and services.
Federal government purchases for public construction, na-
tional defense, and other federal programs and state and local
government expenditures including education.
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o Productivity and employment in private industry, civilian
government, and the military.
o] Wholesale price index.
INFORUM breaks the economy into 200 industrial sectors (shown in Figure
4) and forecasts the sales of each of these sectors to:

o Each other, as material or service inputs.

o Each of 90 investment sectors (aggregates of the 200) as
capital inputs.
Thirty types of construction, as construction materials.
Nine categories of government expenditures,
Household consumption, inventory change, and exports with
import appearing as an offsetting entry.

With INFORUM, an increase in the costs of production (due to a regulation)
in one of the 200 sectors translates, assuming 100 percent cost pass-through, into
an increase in the price of the product of that sector. The effects of the price
increase in one sector on the 199 other sectors as well as on GNP, consumption,
investment, exports and imports, government purchases, employment, and the
wholesale price index can then be determined. INFORUM is designed to forecast,
for example, how an increase in the price of steel will impact the output of the
motor vehicles industry and other industrial buyers of steel. In turn, INFORUM can
forecast how the change in the output of the motor vehicle industry, impacts the
auto repair, trucking, and wholesale and retail trade industries, as well as
households and other buyers of motor vehicles. After the changes in sector outputs
due to the increase in the price of steel have been determined, the model can also
supply the final changes in GNP and its components caused by the price and
subsequent output changes relative to the forecasts made without the steel price
increase factored in. For each individual industry, it can also forecast the final
change, after all the effects have filtered through the economy, in its output or
product shipments, its prices, its sales to final consumer demand, and exports and
imports, its investment and productivity, and changes in its inventories. All these
changes are relative to base forecasts made without taking the steel price
increases into account.

The basic steps to enter regulation cost estimates into the INFORUM
industry and macroeconomic models are listed below. Detailed discussion of these
steps within the context of CVS regulations are discussed in subsection C.
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Figure 4. Definitions for the 200 Sectors in the INFORM Model

The INFORM model divides the economy into 200 sectors. The sector number and title are listed in columns 1 and 2.
Column 3 groups the 200 sector listing into 90 aggregated categories for investment and employment.

Columns 4—10 list by number the Standard Industrial Classification (S.1.C.) sectors included in each of the 200 INFORM
sectors of the economy. The S.1.C. classification system is the one used in compiling data on domestic output. The 4-digit
S.1.C. codes are those used for the 1967 census of manufacturers. A code ending with a ‘0’ designates an entire 3-digit
group; a code ending with ‘00’ designates an entire 2-digit group. A minus sign indicates that this S.1.C. is excluded from
the section.

SECTOR TITLES 90-ORDER 1967 STANDARD INDUSTRIAL CLASSIFICATION

1 Diary Farm Products (1) 132
2 Poultry and Eggs (1) 133 '
3 Meat Animals, Other Livestock { 1) 135 136 139 193 n
4 Cotton (1) 112 X
5 Grains {1) 113 1
6 Tobacco (1) 114
7 Fruit, Vegetables, Other Crops {1) 119 120 192
8 Forestry (1) 810 820 840 860 910
9 Fishery Products (1) 074

10 Agriculture, Forestry & Fishery Services (1) 710 720 730 850 980

11 Iron Ores (2) 1010 1060

12 Copper Ore (2) 1020

13 Ctiher Non-Ferrous Ores (2) 1030 1050 1090

14 Coal Mining (2) 1110 1210

15 Crude Petroleum, Natural Gas ( 3) 1310 1320

16 Empty

17 Stone and Clay Mining (2) 1410 1420 1440 1450 1490

18 Chemical Fertilizer Mining (2 1470

19 New Construction ( 4) 1600

20 Maintenance Construction ( 0) 1500

21 Complete Guided Missiles { 5) 1925

22 Ammunition ( 5) 1929 1960

23 Other Ordnance ( 5) 1910 1930 1940 1950 1990

24 Meat Products ( 6) 2010

25 Dairy Products (7) 2020

26 Canned and Frozen Foods ( 8) 2030

27 Grain Mill Products ( 9) 2040

28 Bakery Products (10 2050

29 Sugar (11) 2060

30 Confectionary Products (12) 2070

31 Alcoholic Beverages (13) 2082 2083 2084 2085

32 Soft Drinks and Flavorings (13) 2086 2087

33 Fats and Qils (14) 2091 2092 2093 2094 2096

34 Miscetlaneous Food Products (14) 2095 2097 2098 2099

35 Tobacco Products (15) 2110 2120 2130 2140

36 Broad and Narrow Fabrics (16) 2210 2220 2230 2240 2261 2261

37 Yarn, Thread, Finishing (16) 2269 2280

38 Floor Coverings (7 2270

39 Miscellaneous Textiles (18) 2290
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40 Kanitting {(19) 2250

41 Apparel {20) 2310 2320 2330 2340 2350 2360 2370

42 Household Textiles (21) 2390

43 Logging Camps (22) 2410

44 Saw and Planing Mills (22) 2420

45 Veneer and Plywood (23) 2432

46 Millwork and Wood Products (23) 2431 2433 2490

47 Wooden Containers (24) 2440

48 Household Furniture (25) 2510

49 Other Furniture (25) 2520 2530 2540 2590

50 Pulp Mills (25) 2610

51 Paper and Paperboard Mills (27) 2620 2630

52 Paper Products, Nec (27) 2641 2642 2643 2645 2646 2647 2649

53 Wall and Building Paper {27) 2644 2660

54 Paperboard Containers (28) 2650

55 Newspapers (29) 2710

56 Periodicals {30) 2720

57 Books (30) 2730

58 Business Forms, Blank Books (30) 2760 2782

59 Commercial Printing (30) 2751 2752

60 Other Printing, Publishing {30) 2740 2753 2770 2783 2790

61 Empty

62 Empty

63 Empty

64 Industrial Chemicals (31) 2810

65 Fertilizers (32) 2871 2872

66 Pesticides and Agricultural Chemicals (32) 2879

67 Miscellaneous Chemical Products (33) 2860 2890

68 Plastic Materials and Resins (34) 2821

69 Synthetic Rubber (34) 2822

70 Cellulosic Fibers {34) 2823

71 Non-Cellulosic Fibers (34) 2824

72 Drugs (35) 2830

73 Cleaning and Toilet Products (36} 2840

74 Paints (37) 2850

75 Empty

76 Petroleum Refining {1] (38) 2911 2990

77 Fuel Oil [1] (38) 2911

78 Paving and Asphalt (38) 2950

79 Empty

80 Tires and Inner Tubes (39) 3010

81 Rubber Products (40) 3020 3030 3060

82 Miscellaneous Platsic Products (41) 3070

83 Leather and Industrial Leather Products (42) 3110 3120

84 Footwear (Excluding Rubber) (43) 3130 3140

85 Other LEather Products (43) 3150 3160 3170 3190

86 Glass (44) 3210 3220 3230

87 Structurat Clay Products {45) 3250

88 Pottery (45) 3260

89 Cement, Concrete, Gypsum (45) 3240 3270

90 Other Stone and Clay Products (45) 3280 3290

91 Steel (46) 3310 3320 3391 3399
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92
93

95

96

97

98

99
100
101
102
103
104
108
106
107
108
109
110
m
112
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146

Copper

Lead

Zinc

Aluminum

Other Primary Non-Ferrous Metals
Other Non-Ferrous Roll and Draw
Non-Ferrous Wire Drawing
Non-Ferrous Casting and Forging
Meztal Cans

Metal Barrels and Drums
Plumbing and Heating Equipment
Boiler Shops

Other Structural Metal Products
Screw Machine Products

Metal Stampings

Cutlery, Hand Tools, Hardware
Miscellaneous Fabricated Wire Products
Pipes, Valves, Fittings

Other Fabricated Metal Products
Engines and Turbines

Farm Machinery

Construction, Mine, Qilfield Machinery
Materials Handling Machinery
Machine Tools, Metai Cutting
Machine Tools, Metal Forming
Other Metal Working Machinery
Special Industrial Machinery
Pumps, Compressors, Blowers

Ball and Roller Bearings

Power Transmission Equipment
Industrial Patterns

Computers and Related Machinery
Other Office Machinery

Service Industry Machinery
Machine Shop Products

Empty

Empty

Electrical Measuring Instrumententation
Transformers and Switchgear
Motors and Generators

Industrial Controls

Welding App. Graphite Products
Household Appliances

Electric Lighting and Wiring Fa.
Radio and T.V. Receiving
Phonograph Records
Communication Equpment
Electronic Components

Batteries

Engine Electrical Equipment
X-Ray, Etectrical Equipment, Nec.
Empty

Truck, Bus, Trailer Bodies

Motor Vehicles

Empty

(47)
(47)
(47)
(47)
(47)
(47)
(47)
(@7)
(48)
(48)
(49)
(50)
(50)
(51)
{51)
(52)
(52)
{52)
(52)
(53)
(54)
(55)
(55)
(56)
(56)
(56)
(57)
(58)
(58)
(58)
(58)
(60)
(60)
61)
(59)

{62)
(62)
(63)
{63)
(63)
(64)
{65)
{66)
{66)
(67)
(68)
(69)
{69)
{69)

(70)
(70)

3331
3332
3333
3334
3339
3356
3357
3369
3410
349
3430
3443
3441
3450
3460
3420
3480
3494
3470
3510
3520
3531
3534
3541
3542
3544
3550
3561
3562
3566
3565
3571
35672
3580
3590

3611
3612
3621
3622
3623
3630
3640
3651
3652
3660
3670
3691
3694
3693

3713
3711

3340

3352

3392

3442

3498

3492

3532

3535

3545

3564

3567

3573
3576

3613

3624

3692

3699

3715
3714

3351

3361

3444

3493

3533
3536

3548

3569
3574
3579

3629

3nz

3362
3446 3448
3496 3497
3537

3499

e




147 Aircraft (71) 3
148 Aircraft Engines (71) 3722
149 Aircraft Equipment, Nec. (71} 3723 3729
150 Ship and Boat Building (72) 3730
151 Railroad Equipment (73) 3740
152 Cycles, Transportation Equipment, Nec. (74) 3750 3799
1583 Trailer Coaches (74) 3791
154 Empty ’
155 Empty |
156 Engineering and Scientific Instruments {75) 3810 '
167 Mechanical Measuring Devices (76} 3820
158 Optical and Ophthalmic Goods (78) 3830 3850
159 Medical and Surgical instruments {77) 3840 :
160 Photographic Equipment (78) 3860 '
161 Empty (e
162 Watches and Clocks (78) 3870
163 Jeweiry and Silverware (79) 3910 3961
164 Toys, Sport, Musical instruments {79) 3930
165 Office Supplies (79) 3950
166 Miscellaneous Manufacturing, Nec. (79) 3962 3963 3964 3980 3991 3993 3994
3995 3996 3999
167 Railroads (80) 4000 4740
168 Busses and Local Transit (82) 4100
169 Trucking (81) 4200 4730
170 Water Transportation (82) 4400
171 Airtines (83) 4500 ‘
172 Pipelines (82) 4600
173 Freight Forwarding (82) 4700 -4730 -4740
174 Telephone and Telegraph (85) 4800 -4830
175 Radio and T.V. Broadcasting (85) 4830
176 Electric Utilities (87) 4910 4930
177 Empty
178 Natural Gas (88) 4920 4930
179 Water and Sewer Services (88} 4930 4940 4950 4960 4970
180 Wholesale Trade (84) 5000
181 Retail Trade (84) 5200 5300 5400 5500 5600 5700 5800
§960 7390
182 Banks, Credit Agencies, Brokers (86) 6000 6100 6200 6700
183 Insurance (86} 6300
184 Owner-Occupied Dweilings ( 0) 6400
185 Real Estate (86) 6500 6600 -6561
186 Hotel and Lodging Places (86) 7000
187 Personal and Repair Services (86) 7200 7600 -7692 -7694 -7699
188 Business Services (86} 7300 7692 8100 8900 7310 -7396 -8921
189 Advertising (86) 7310
190 Automobile Repair {86) 7500
191 Movies and Amusements (86) 7800 7900
192 Medical Services (86) 0722 8010 8020 8030 8040 8060 8070
8090
193 Private Schools and NPO (886) 8200 8400 8600 8921
194 Post Office

195 Federal and S&L Govermnment Enterprises
196 Non-Competitive Imports

197 Business Travel (Dummy)

198 Office Supplies (Dummy)

199 Unimportant Business (Dummy)

200 Computer Rental (Dummy)

(1] Sector 76 shows shipments of all petroleum refining. Howsver all fuel oil is sold to Sector 77; therefore, the sales
to other sectors show purchases of gasoline, avistion fuel, and petrochemical feedstocks. The Distribution of sales
for sector 77 shows purchases of residual and distillate fusl oil, diesel fuel, and kerosene.

120

e ———— e i S——— g




Basic steps:

1. Obtain a base forecast of the economy for the period under
analysis.

2, Calculate the undiscounted, direct, industry costs of the
regulation for each year of impact analysis.

3, Deflate the costs to 1976 dollars to be compatible with data in
the INFORUM model,

4, Determine the appropriate industrial sector(s) expected to
bear the direct costs.

5. Translate the cost increases into annual percentage price
increases.

6. Run the INFORUM price model to calculate the effect these
price increases will have on all industries.

7. Determine the changes in investment, employment, govern-
ment spending, exports and imports and other structural changes expected to result
from regulatory expenditures and adjust the appropriate structural functions in the
model accordingly.

8. Given the scenario developed in steps 2 through 7, run the
INFORUM macroeconomic model. Compare macroeconomic indicators and industry
variables emerging from the base forecast with the scenario forecasts to determine
the impacts of the regulation on both the economy as a whole and on industries of
interest.

C. INFORUM and CVS Regulations
The purpose of this section is to describe how to follow the basic steps listed

above when performing a cost impact anlaysis of CVS regulations.

1. Obtain a base forecast for the period under analysis.

For the cost measurement portion of CVS regulatory analysis,

a 25-year time horizon for the analysis was recommended. Because of the inherent
inadequacies of forecasting models in general, and based on suggestions of the
INFORUM staff, it is recommended the time horizon of the coct impact analysis be
limited to 1985. INFORUM has the capability to forecast out to 1990 by linear
extrapolation of the results of 1980-85. This method involves extra computer time,
however, without adding much substantive information to the analysis.

2, Calculate the undiscounted, direct industry costs of the regu-
lation for each year of impact analysis.

12]




Procedures for calculating the direct industry costs of CVS
regulations are described in Sections V, VI and VII. The industry costs resulting
from a cost measurement analysis and placed on the various formats described in
Section V must be collected by the regulatory staff for input into the INFORUM
model. Format 4, "Industry Summary -- All Vessels," contains the necessary direct,
industry costs in column 10. Note for the impact analysis, undiscounted costs are
appropriate. Furthermore, because the impact analysis is limited to 1985, the
regulatory staff is only concerned with costs from the base year to 1985.

3. Deflate the costs to 1976 dollars.

To deflate the costs found in column 10, Format &4 to 1976
dollars, multiply the costs in each year from the base year or year zero to 1985 by
the ratio of the 1976 wholesale price index (WPI) to the wholesale price index for
the base year.

WPI 1976
Deflated costs= undeflated costs x (WPl base year)

Actual WPIs for 1976 and 1977 and forecasted WPIs for 1978 to 1990 are published
in the June 1978 INFORUM forecasts and are reproduced in Table 20, page 130.

Format 8 is designed to aid the analyst in following steps 2 and
3 above. It provides space for computing deflated industry costs over a 10-year
time horizon,

4, Determine the appropriate industrial sector(s) expected to

bear the direct costs.

For all types of CVS regulations, with one exception, the costs
of CVS regulations will enter the INFORUM model through INFORUM Sector 170,
entitled "Water Transportation."

Section 170, Water Transportation, includes all industries
contained in Major Group 44 of the 1967 Standard Industrial Classification Manual.
By definition, this includes U.S. establishments engaged in deep sea foreign

transportation, deep sea domestic transportation, Great Lakes - St. Lawrence
Seaway transportation, transportation on rivers and canals, local water trans-
portation, marine cargo handling, canal operation, and furnishing miscellaneous
services incidental to water transportation (e.g., cargo salvaging, marine surveyors,
and marine wrecking). Figure 5 from the 1967 SIC Manual contains a more detailed
description of water transportation,

|
|
I
!
1
i
|



.
[T IPIRE
[ NRTT I TR TP TV

YIS IV TSR R I 1)

¥ FTA _____.‘_._A.._ HE et ~foaseon g stoge
dimpaeny I o [NNTRTI ¥ Y YT AdaN
jtogany pue Jurwo) SHLENS UL sy A Y ')

DN JeoyIn g pue Juimo],
ER IR 1Y |
Joglour o) diys suo
0dJ a0 oS pue dugs e g sdodtiossisl e spoo Jutidogsuilg BUTY RN B
SSOA B Igo pUE sdo N Sunenelo u potesue Spaemtad <onnsduo,)
adesajyirg

FEIL0 20 pogry 20 st
Jnoug vy oz
1ag £loaracded  C(Selide))  sdelY3Iyy JBy
TeFE Adsupup ug
PAUISSELY 248 SoqIF] JEAIE) dy) eolot saiado) Doeamdo souwlio))  sioqaeq

I 30 20818 ssodott solddo) Zupedsdo wg pesestus Spuaeundd sepedone,)
$31219 4

NOILVIIOJSNVHL H43LVAM 1VI01

SN 38D )
uo uryy 10430 ‘wopjeiindsaud) axe)
uepeplodsusay jupseoaesjug
unfjusudsued; juus)y
uvtiesodo 331w [vae)

UE320 W} JO
spufied puw sTeq o neniediodsyul g,
fracay wr'loaN oy
Yo uey doeyge nepodsnesy sy
Juiwo) pue Jupijrs Jog
FOFF SA10PU U SO0 9 sfassas 3q) £q 9sn 20} Sprvunad
s[eues Jo uotivdxlo puv sounudjureur oyl pue ! Cgp dnolsn uy uopeizodsuedy
wodrauy 3upnjout oNEOASURL) JOIRM (0] ! [CFF £JISNPU] HE POYISSBID
S| SEMESY WUAIN] CIg-SoNE] JCoIE) o) 1o uoneuaklsugll sIseo0 Jinn
PUB oHURIV O1) U0 SEMIOEMN [BISTondu] oY) Juipniout ‘sSeadajua pueul
e Lo s1aduassed Jo 1qded) Jundodsueay ul pededuo Spavanad sotuedmuo))

sjeus) pu® sialy uo uoyjeysodsues]

STVYNVD ANV SHJAIM NO NOILVLHOJSN VYL

18 ue seyecg
Jupivdedo  seraaag

untyrjzindsunay few fracoy souvanw]
Loy Soualet] 1y puv I juuan) LD gy uo

N)dod ueiprue) pug sa1elg paling] UalmIdg 10 s)iod

SRy PN ] 09N 10110 " SBMBIN MUMMW] I8 PUR <oy juals) ag} Uo
saduossud Jo Jydtasy Jo uontiaodsued; o) up pefedua Jpaeuead sowhao,)

uot1R)I0dSURL ] {EMBIS JIUIIMET *}5-5I)R’] JwII

NOILYLHOJSNYUL AVMYIS JONTUMVT "1S-SINVT LvIYD
Qolivliodsuvay jeisroviaju]
run) rweug o) A “1at30 ayj to sjrod
0D ogg Sty PAJIU ] PUt ‘Puvly AUo oY) HO NISEOY JINE puB ULV
SURLS pojiu ) o) uo s pod 40 19q seay dodp oyl uo s1aduassud 10 yy2aag jo
uonesdsund) ) 103 spessos Junuiado ur poscduo sjueunad satueduro)
uonjejsodsued ], [eJSR0dINU]

panunuo)—NQOLLY.LHOJSN VYL JILSTIKRO0A VIS 4334

e = TR, e 4

N
(3444
[4914

b144
$444

1444
1§34/

1144
£y

F44

‘oN “oN

Lsnpup  dnoup

L4L priw jne
EPY TR VI TV R ST SR VI S IDTIN YRS (LI TSV R TR R PRSI A I I P N P T T
1001400 NGIG
LTRSS R PRI ICR RN TRV ')
[PT IR F I ST SEPRNTINN 7Y TR ERNVEN IR PadeIus st d s sty )y

Buiddeys sage] )

ssodusmed Jo s, b g poad Joods

1) PUY PUBNI —$1001IN) UG ) ¢
dindvarisy eyy duj

MIUSWIIIN 10 s ,0LdJUGe (U deprti xjusisy Ju Bl O] peduIue (javmis] sepuudwe )
Burddiys UBIIO—0:41118) I8 llNe) ¢

So(Um B pPoly S0 U gt Poag sasn ddus ndo sujuidwoy ey

£[3uvnbaig

S0 [BaeUsd wy) wadoW L) Baseey JUljtdedn U] PpeIvIue sjuswiad sejutdwe)

2M1I02 vemme) |
1 NONIR1040 30 MLL— 3} €80.7) (U i0) pe) Liuuemsdlag ,

GOLIVIINIauBI) es|uieB0)

THEY SNpUL Ul DIl s 1800, ) JIIE PUB LGRY oy} Jat
Sojleded S{BMISIBM {BISHOUBIIUL 1) UO Sl rden SEMNIS B PTG 1) Poutsojaad
uoNBUOASUBLY [BisROUBIIMUY SPNIIUL 10U S0P SIISOPUL SIYL 00t} oot do
[IRMEBE] ‘BRSBLY JO 5}580D Y} JUO|R JU "JNHGD IYIIT,] 3G} o SIH(08 PIIB| awut])
WM} JU ‘ISROI JINDH PUE JSTOY HUTIIY Y] HO S[ojos PIJBIO] INOY) Udv M Joq
‘sjdod 583018 PAlIl, ) PUCTUIBUL USIN 1] SBas dodp 9§ uo sdafuassed 30 1ydaag jo

uofjvizodsusl) 9qi 30} slossas Jupjesado up padelul fpuewad sojuudmo)
uoneiodsuni] IS1aISE0)

$213011249) snondmny
-4oJuog 0} UONNIJOdsuNI) UM
'$31d031A13] YONS UIIMII] Pue 53)18I03I3104d 10 suoissassod puusy pus
0Y 0)3nd ‘sPUES] UBHUMBH 9Yl ‘QUGZ JLUB ) WWLUCJ Jif} ‘BYSE|Y pus
PURB[UIBW $3}BIS PI1A;) 94} UIBMIIQ 5Las daap Q) uo s13duassed 10 Jydagj Jo

uopywidodsurd} 3¢} 10J s|ssds Julisioedo uy paduiue fjuswmiad soiuedwo)
$3110}1113 ], SNONINIUCIUON UIIM)I( pur 0) uoljvjiodsuna]

NOILVLIYOdSNVYUL DILSdNO0d VIS 433a
wopiviiodsuel) udaio0) was daagq
*£13SNPUf S1Y) U POYISSELD AT 532011
-3} snondguoonou 0} osje put sjaod udaiol o) 3unjeiedo sduedwo) ‘syod
u31310] puv SIS PIANU[) 3Y) H3IM I sBI% d3Ip Y] uo x1oFuassed 30 Jydaaj jJo
uoljeldodsued) aq) Joj sjassaa Jupjuiado ur podedus fpavmud ssucduo)
uonjejrodsuea] uldiaiog wag daa(q

NOLLVLIYO4SNVHL NDI3Y0d VIS 33T

i deap ‘wotiwizodsamy) Jisimog

123

[¥444

84,
m

) “ON
h:-..Z-:: dacid
-Suedmod uoyysrod

-AUBI) I} YHA PIYISSTID 218 suojuaado Moyl ‘ofqepieat Jou azu Suypuey odaeo 10) srodal
d)vaudas uagAL 'COFY S1ISNPU] UY PIYISSTIY o1€ Poldodal £19)uaedas pus sajucdwmod uojeized

-SuRI} AQ U0 palIIvd uagm suoljvixdo Juipuey odiv)
‘S100q UOISINIXI sopnjou os[e dnosd Jofewr sIgL

'SIXE) J9JBM PUB ‘5)80qQ ujads- Qs
‘uonjeaado [vuvd puw ‘Juinmo} ‘33s13qIN

SB %I01A138 [TIUIPIOUf Qons Jujysiuing saquvdiood pue ‘sidta pus(ul 10 svas vodo aqy wo
uoyivaodsuea) 138uassud pue yS1asg ug padeJus sajuedmod sapujouj duoad aofsw sJqL

JoypM o 8o dnoan solopy ayl

» NOLLVLYOdSNVYL dALVM—Ty dnoxd) lofel

S odrit;




Figure 5 (continued)

QGroup Iadustry
No. No

445
4459
446
4463
4464
4469

LOCAL WATER TRANSPORTATION—Continued

Local Water Transportation, Not Eisewhere Classified
Companies primarily engaged in furnishing local water transportation,
not elsewhere classified, such as excursion boats, sight-seeing boats, and
witer taXxis,
Afrbuats (swamp buggy rides) Steht seclng baats
Excursion boats Water taxis

SERVICES INCIDENTAL TO WATER TRANSPORTATION

Marine Cargo Handling

Sstublishisents primarily engaged in activities direetly related to maripe
cargo handling from the time cargo, for or from a vessel, artives at shipside,
dock, pier, terminal, staging area, or intransit aren until cargo loading or
unloading operations are completed.  This industry includes the operation
and maintenance of piers, docks, and associated buildings and facilities; but
lessors of such facilities are dypssified in Industry 6512,

loadiog vesxels X Khip hold cleaning
Marine cargo handling Stevedortag
Operation and maintenance of rlern Unloading yessclx
and docks, including bulldings Waterfront terminal operation

and facilities
Canal Operation
Companics primarily engaged in the maintenance and operation of canals.
Canal operation
Water Transportation Services, Not Elsewhere Classified
Companies primarily engaged in furnishing miscellaneous services inci-
dental (o water transportation, not elsewhere classified, such as boat hiring,
except for pleasure; chartering of vessels; ship cleaning, except hold cleaning
(Industry 4463) ; and steamxhip leasing.
Bost hiring. except pleasure Marine surveyors

Boat livery, except pleasure Marine wrecking: esalvaging from
Roat yards, storage and incideatal sunken craft. removal of under-
repair water hazards by divera, wreck-
Boathousex ing ships for scrap
Dismantling ships Ptioting vessels In and out of har-
Ship registers: survey and classifi- ora
cation of ships, engines, And ma- Rental or charter of commercial
rine equipment; and publication boats
of a register Saliagiog of distressrd veasels and
Marinas their cargoes
Marine basins, reating aud operat- 8hin cleaning, except hold cleaning
R Kteamship leasing
Marine salvaging Yacht basios




For those CVS regulations imposed largely on petroleum
tankers, INFORUM Sector 15, entitled "Crude Petroleum, Natural Gas" can be
used. Sector 15 contains 1967 SIC groups 1310 and 1320 which include establish-
ments engaged in producing crude petroleum and natural gas. Figure 6 from the
1967 SIC Manual presents a detailed description of the Crude Petroleum, Natural
Gas sector.
5. Translate the cost increases into annual percentage price
increases. t
Annual percentage price increases are calculated in the fol-
lowing way:
Annual Percentage Price = Deflated Direct Costs in Year n

e e g - -

Increase in Year n Product Shipments in x 100
Industry i in Year n
where:
o Industry i represents the industry bearing the direct

costs. For CVS regulations the industry will either be
Sector 170, Water Transportation or Sector 15, Crude
Petroleum, Natural Gas.

o Year n represents each year from the base year to
1985, i.e., n = year 0, year l,....year 1985.

o Direct costs must be in 1976 dollars and can be
obtained as discussed in steps 2 and 3 above or found in ¥
column 3, Format 8.

o INFORUM forecasts product shipments for 1978 to

1990. The forecasted product shipments for "Water
Transportation” can be used without adjustment. The
forecasted product shipments for "Crude Petroleum,

Natural Gas" must be adjusted to include only the
output of the domestic crude petroleum industry; the r
output of the natural gas industry must be subtracted
out. Table 19 presents the product shipments of water
j transportation and the adjusted products shipments of
crude petroleum. ‘
Format 9A and 9B provide a means for the regulatory staff to ‘
compute annual percentage price increases as described above. Format 9A is to be
used when water transportation has been selected as the industry bearing the initial
costs, Format 9B is to be used when Sector 15, "Crude Petroleum" has been
selected.
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Figure 6

MINING 19

Major Group 13.—CRUDE PETROLEUM AND NATURAL
GAS

The Major Group ax a Whole

This major group includes establishments primarily engaged in: (1) producing crude
petroleum and matural gas, (2) recovering oil from oil sands and oil shale, and (3) producing
natural gasoline and eyele condensate. Types of activities included are exploration,
drilling, oil and gas well operation and maintenance, the operation of natural gasoline and
eycle plants, and the mining and extraction of oil from oil sands and oil shale. This major
group also includes such basic activities as emulsion breaking and desilting of crude
petroleum to render the oil marketable. Pipe line transportation of petroleum, gasoline
and other petroleum products (except gathering lines) is classified in Major Group 46—
pipe Line Transportation, and of natural gas in Major Group 49—Electric, Gas, and
Sanitary Services. Establishments primarily engaged in petroleum refining and in the
production of lubricating oils and greases are classifled in Major Group 29.

G\ruup lnglustry
No. 0.
131 CRUDE PETROLEUM AND NATURAL GAS

1311 Crude Petroleum and Natural Gas

Establishments primarily engaged in operating oil and gas field properties.
Such activities include exploration for crude petroleum and natural gas;
drilling, completing, and equipping wells; operation of separators, emulsion
breakers, desilting equipment ; and all other activities incident to making oil
and gas marketable up to the point of shipment from the producing property.
This industry also includes the production of ¢il through the mining and
extraction of oil from oil shale and oil sands. Establishments primarily
engaged in performing oil fleld services for operators on a contract, fee, or
other basis are classified in Group 135.

Crude ofl production Ofl shale mining
Crude petroleum production Sufur extruction from sour natural
Natural gas production gas
Oil sand minlng
182 NATURAL GAS LIQUIDS

1321 Natural Gas Liquids
Establishments primarily engaged in producing liguid hydrocarbons from
oil and gas ficld gases, Establishments recovering liquefled petroleum gases
incident to petroleum refining or to the manufacturing of chemicals are
classified in Major Groups 28 or 29,

Butane (natural) production Liquefied petroleum gases (nstural)
Casing head butane and propane production

production Natural gasoline production
Cycle cundensate production Propane (natural) production

Isvbutane production

o e e -
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Table 19
PRODUCT SHIPMENTS IN PRODUCER PRICES

(Millions of 1976 $)

Crude Petroleum
Year Water Transportation (Adjusted)
1978 10315 28646.
1979 10655 28329.
1980 11020 28011.
1981 11251 27942,
1982 11494 27873
1933 11774 27805.
1984 12045 27877.
1985 12329 27950.
1986 12604 28022,
1987 12886 28095.
1988 13180 28167.
1989 13481 28239,
1990 13791 28312.

3 Source: INFORUM, "Summary of National Accounts and Final
Demand," June 1978.

127




6. Run the INFORUM price model to calculate the effect these
price increases will have on all industries.

The annual price increases computed in step 5 above and found
in column 4, Format 9 can be entered into the INFORUM price model by INFORUM
staff and the impacts of the price increases on other industries can be traced by
the computer. Through example runs of the price model it was learned that only
when the price increase in at least 1 year is greater than 10 percent for water
transportation or 2,5 percent for crude petroleum will there be measurable impacts
in the INFORUM model. When price increases are less, the regulatory staff should
not run the INFORUM model or continue with the remaining steps 7 and 8.
Discussion of what to do about cost impacts when price increases are not large
enough to measurably impact the INFORUM model are contained in Section X.

7. Determine any structural changes expected to result from the
regulatory expenditures and adjust the appropriate structural functions in the
model.

This step is included as an option for the regulatory staff. In
most regulatory impact analyses, the price change will have the primary impact on
the model. Structural changes are generally included in order to refine the output
of the model. When time and other resources permit, the regulatory staff can
increase the precision of the results by making adjustments to structural functions.

There will be two major structural changes expected to result
from CVS regulations. These changes will occur in Investment and Government
Spending. Other structural changes in employment, productivity, imports or
export:s,l are conceivable; however, it is difficult to predict the direction and
amount of these changes,

The majority of CVS regulations lead to an increase in
investment expenditures by the shipping industry; consequently, the constant term
in the investment function should be raised accordingly. The INFORUM staff will
perform the required adjustment if the regulatory staff provides the amount of
increase in investment for each year of analysis in 1976 dollars.

Investment costs per vessel class are listed in columns 2 and 4
on Format 3. Add column 2, Investment Costs (New Construction) to column 4,
Investment Costs (Retrofit and Modification) for year 0 to 1985 to obtain total

1. When non-U.S. flag vessels do not have to comply with the regulation and
subsidies to U.S. flag vessels are not expected to pick up the costs of the
regulation, the regulatory staff may adjust, with the aid of INFORUM staff,
exports ot water transportation downward and imports upward.
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annual investment costs for each vessel class. Add the total annual investment

costs for each vessel class together to obtain total annual investment costs i¢r the
whole industry. Deflate the total annual investment costs for the whole industry to
1976 dollars using the following formula:

Total Deflated _ Total Undeflated Investment _ “' 11976
Investment Costs in Year n Costs in Year n \VPlbase year
where:
o n= year 0 (base year), year 1, year 2,.year
1985.
o] WPIs are listed in Table 20.

The total deflated annual investment costs can now be added
to the appropriate investment function by INFORUM staff,

CVS regulations can often lead to significant increases in
government spending. When this occurs the government expenditure function should
be adjusted. The INFORUM staff will make the required changes, but the
regulatory staff must provide the total, annual, deflated government or in-house
costs of the regulation.

Total annual in-house costs are listed in column 5, Format 6.
The regulatory staff can deflate these costs to 1976 dollars using the following
formula:

x WPI

Total Deflated In-House _ Total Undeflated In-House 1976
Costs in Year n Costs in Year n WPIbase year
where:
o n= year 0 (base year), year 1, year 2.....year

1985.
o WPIs are listed in Table 20.

8. Given the scenario developed in steps 2-7, run the INFORUM
macroeconomic model and compare results with the base forecasts to determine
regulation impacts.

The regulatory staff should analyze both the impacts on
economy-wide or macroeconomic indicators and impacts in selected industrial
sectors. INFORUM's macroeconomic model is capable of forecasting size and
annual growth rates of numerous economic indicators as listed on page 115. For




Table 20
WHOLESALE PRICE INDICES
WPI
Year (1967 = 100)
1976 183.00
1977 194.15 ]
1978 203.96
1979 216.72 y
1980 . 230.23
1981 244.74
19382 260.12
1983 276.83
1984 295,21
1985 314.49 ",
: 1986 331.35 A
1987 348.20
1988 365.05
1989 381.91
1990 398.76
Source: INFORUM, "Summary of National Accounts and Final Demand,"

June 1978. :

e et ©

130




purposes of regulatory cost impact analysis, the regulatory staff should concen-
trate on looking at the major macroeconomic indicators. The output of the
INFORUM forecasts will present the base and regulation forecasts for all the
indicators.l Format 10 allows the regulatory staff to cull the major indicators from
the complete, detailed forecasts. It provides space to compare the base projections
with the projections with regulation costs factored in and compute the percent
difference for:

Gross National Product (GNP)

Wholesale Price Index

Unemployment Rate

© O O o

Trade Balance (exports in current dollars minus
imports in current dollars)

There are 200 industry sectors in the INFORUM model. An
increase in the price of water transportation or crude petroleum can lead to
changes in the remaining 199 sectors. Realistically, the regulatory staff must limit
analysis of industry impacts to those industries which experience significant
changes. This includes Sector 170 Water Transportation and Sector 15 Crude
Petroleum. It can also be assumed that the major buyers of these two industries
might be significantly impacted. In addition, Sector 150 Ship and Boatbuilding is
likely to be an important sector due to the nature of CVS regulations and because
the ship and boatbuilding industry is a major supplier to water transportation.

Formats 11A and 11B provide a way for the regulatory staff to
easily compare the base and regulation forecasts of certain industrial indicators for
Sector 170, Water Transportation and Sector 15, Crude Petroleum. The industry
indicators presented on the formats include product shipments, industry wholesale
prices, industry exports and imports, and industry employment.2 Other industry
variables can be looked at, for example, industry productivity or investment or
industry sales to government. Formats 11A and B, however, are limited to the
major industry indicators.

Formats 12A, 12B, and 12C allow the regulatory staff to

quickly compare three major industry indicators, prices, product shipments and

1. These will be found on the "Summary of National Accounts and Final Demand"
printouts.
2. From the INFORUM printout "Summary of National Accounts and Final
Demand."
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employment,l in the industries most likely to be significantly impacted by CVS
regulations. These include Water Transportation, Crude Petroleum, Ship and
Boatbuilding and their major industrial buyers. Formats 12A, B and C also leave
space at the bottom for the regulatory staff to compare the results for other
industries of interest in any particular cost impact analysis.
9. Perform sensitivity analysis.

The regulatory staff may perform sensitivity tests to
determine if changes in one or more inputs into the scenario developed in steps 2-7
will have an appreciable effect on the results. Two types of changes can be
considered: changes in the assumptions built into the model regarding conditions in
the economy and the assumption of 100 percent cost pass through, and changes in
the level or timing of regulation costs.

1. 1Ibid.
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SECTION X
EXPECTED IMPACTS OF CVS REGULATIONS

A. Introduction

When costs are not large enough to cause a measurable impact in the
INFORUM model, a valuable cost impact analysis can still be done by tracing the
industries most likely to be impacted and by identifying, if not the magnitude, at
least the direction of expected changes in economy-wide and industry indicators.
B. Impact Tracing

INFORUM publishes bi-annually the "Matrix Listing of Seller-Buyer Rela-

tionships" for a l12-year time horizon. This listing shows the major industrial

buyers1 of each of the 200 industry sectors and the amounts they buy in each
forecasted year. It also shows the sales of each industry to final demand sectors
including investment, government, exports and personal consumptionz. This listing
of sales can be extremely important in tracing the regulation's impacts. Knowing
the buyers of an industry's output allows the regulatory staff to determine those
sectors most likely to be directly and indirectly affected by a price change in the
industry under study.

The buyers of the output of the water transportation industry are listed in
Table 21. Analysis shows in 1978 much of the output of water transportation was
sold as exports to other countries. After exports, the largest consumer of water
transportation is the industry itself, with households directly buying $1067.5 million
for personal consumption and the federal government buying $741.4 million for
defense. The largest industrial buyers, after water transportation itself, are
petroleum refining with steel and electric utilities following.

The first order impacts of a price increase in water transportation will be
borne by the buyers listed in Table 21. The industrial buyers (petroleum refining,
steel, electric utilities, etc.) will pass the price increases, in turn, to their buyers.
Price increases borne by households and government will impact the level of GNP
directly. In other words, price increases experienced at the industry level either
directly impact GNP components (personal consumption, investment, government,
exports or imports) or filter through many different industries to impact GNP
components indirectly.

1. A major industrial buyer is one which buys more than one-half percent of the
output of the industry.

2. A complete breakdown of all buyers, not just major ones, is available upon
request, from the University of Maryland.
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Table 21

OUTPUT OF SECTOR 1/5, WATER TRANSPORTATION

As percent
Buyers '1978 of Total
(Millions $) Output
(Domestic)
170 Water Transportation 1180.8 11.5
5 Grains 63.5 .6
34 Miscellaneous Food 75.9 .7
64 Industrial Chemicals 66.8 .7
76 Petroleum Refining 768.7 7.5
91 Steel 254.9 2.5
176 Electric Utilities 140.5 1.5
Sales to Other Intermediate Users 927.8 8.8
Sum of Sales to Intermediate Use 3478.9 33.7 *
Sum of Sales to Equipment Buyers 26.1 .3
Sum of Sales to Construction 82.2 .8
Personal Consumption 1067.5 10.4
Defense 741.4 7.2
Non-Defense Federal Government 134.9 1.3
Exports 4946 .2 48.0
Imports -276.5 * -2.7*
Sales to Other Final
Demand Categories 114.2 1.0
Sum of Sales to Final Demand 6727.7 65.2
4 Total Output (Domestic) 10315.0 100.0

Source: "Matrix Listing of Seller-Buyer Relationships, June 1978.

* Imports are shown as negative number since they are not part of
domestic production.




Using the "Matrix Listing of Seller-Buyer Relationships," Figure 7 illustrates
the complex tracing of the impacts of a price increase in water transportation.
Row | shows the percentage of the domestic production of water transportation
sold to (1) industrial sectors for use in their production and (2) to components of
GNP including investment, consumption, exports minus imports, and government.

Any across-the-board increase in the price of water transportation will
impact these buyers. Impacts on investment, government spending, personal
consumption and exports minus imports will directly effect GNP, the price level,
the volume of trade and other economy-wide variables. ! Impacts on industrial
buyers of water transportation will be passed to other buyers. To illustrate, row 2
traces the buyers of petroleum refining. It shows that 33 percent of refined
petroleum products are sold to consumers. This figure suggests that over one-third
of any price increase in petroleum refining will be experienced directly at the level
of GNP. Important industrial buyers are fuel oil (22 percent), petroleum refining
itself (10 percent), industrial chemicals (10 percent), grain (3 percent), and
wholesale trades (3 percent). Any increase in the price of refined petroleum
products that these industries buy will be passed, in turn, to their customers.

Row 3 illustrates some of these third-order impacts by showing the buyers
of fuel oil. Forty-one percent of domestically produced fuel oil is bought by
households for personal consumption. The important industrial buyers of fuel oil are
electric utilities, railroads, and retail trades.2 Any increase in the price of fuel oil
will be passed, in turn, to their buyers. Row # illustrates these fourth-order
impacts and shows the buyers of electric utilities. Thirty-four percent of
electricity is sold to households; the major industrial buyer is retail trades. To
illustrate fifth-order impacts, row 5 traces the buyers of the products of retail
trades. At this level, almost all the impacts will be felt by final consumers (85
percent). This illustrates how an industrial price increase will filter through other
industries, finally to the level of final demand.

Table 22 shows how the output of the crude petroleumn industry is
distributed. Analysis shows that the majority of crude petroleum sold in this
country goes to the petroleum refining industry. Thus, the majority of the first-
order impacts of an increase in the price of crude petroleum will be borne by
petroleum retining. The price increase will be passed, in turn, to the buyers of

l. Any increase in thc price of exports will be borne by foreign industries and
consumers.

2. Note water transportation buys 3 percent of the output of fuel oil. This
illustrates the interrelationships of the economy.
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refined petroleum products and on throughout the economy until it reaches the
level of final demand. Note a large portion of crude petroleum bought in the U.S.
is imported. Because petroleum refining buys a large quantity of imported
petroleum, the impact of an increase in the price of domestically produced oil on
refined petroleum products will be less if the price of foreign crude does not also
increase as a result of the regulation.

Figure 7 can be used to illustrate the impacts of an increase in the price of
crude petroleum as well as water transportation because row 2 traces the buyers of
the petroleum refining industry, by far the largest buyer of crude petroleum.

C. Direction of Changes
The impacts of a price increase of less than 10 percent in the case of water

transportation or 2.5 percent in the case of crude petroleum are not large enough
to be measured using the INFORUM model. By analyzing the results of the lower
limiting cases, though, the regulatory staff can trace the types and directions of
expected changes in economy-wide and industry indicators resulting from smaller
price increases. The purpose of this part of the manual is to describe the types of
changes resulting from a 10 percent increase in the price of water transportation
and a 2,5 percent increase in the price of crude petroleum. The direction of these
changes will remain the same for smaller price increases.

Case 1: 10 percent increase in price of water transportation in 1978.

Format 10 presents the change from 1978 to 1985 in GNP, wholesale price
index, unemployment rate and the trade balance. No structural functions have been
adjusted, the changes are the result of the price increase only.

GNP. GNP or output decreases in every year due to the fact the prices of
inputs have risen. The greatest decrease is in year 3 when GNP falls by $60 million.
This amounts to only .0038 of a percent of base year GNP.

Wholesale Price Index (WPI). The WPI increases in every year reflecting the

rise in the price of water transportation which is passd throughout the economy.
The largest increase is in year 2 when the WPI rises by .028 percent.
Unemployment Rate. The unemployment rate shows virtually no change.

This is because the water transportation industry is a relatively small segment of
the economy. For larger price increases, the unemployment rate would be expected
to rise as a result of input price increases which lower output and lead to employee
layoffs.

Trade Balance. This indicator is composed of exports in current dollars

minus imports in current dollars. A negative trade balance indicates the U.S. is
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importing more foreign goods and services than it is exporting U.S. goods and
services. The price increase in water transportation worsens the U.S. trade balance
in every year. This illustrates that as the price of U.S. water transportation
increases, shippers switch from U.S. shipping companies to foreign shipping
companies. In addition, as the increase in the price of water transportation filters
through the economy leading to price increases in other U.S. goods and services,
customers switch away from the relatively more expensive U.S. goods to foreign
produced goods. The end result is an increase in imports and a decline in exports.

Format 11-A presents a detailed comparison of major industrial indicators
for water transportation.

Product Shipments. The product shipments or output of the water transpor-

tation industry decline in every year. The average decrease is $34 million. Product
shipments decline when the price of products of the water transportation industry
increase and some customers switch to substitute products. In addition, as the price
increase filters throughout the economy it causes contractions of other industries
which, in turn, buy less water transportation.

Price Index. The wholesale price index for water transportation is approx-
imately 10 percent higher in every year reflecting the constraints of the example.

Exports and Imports. The value of exports of U.S. water transportation

decrease by $1 million in almost every year. The value of imports of water
transportation increase an average of $27 million per year. This illustrates when
the price of U.S. water transportation increases, consumers will switch from
relatively more expensive U.S. water transportation to the relatively cheaper
foreign water transportation.

Employment. INFORUM does not measure employment per individual
industry but by aggregates of industries. Employment statistics for water
transportation are found in Sector 82 entitled "Other Transportation." It includes
the following industries: Water Transportation, Buses and Local Transit, Pipelines,
and Freight Forwarding. The impact of a 10 percent price increase in water
transportation on employment in these industries is to decrease employment an
average of 1,125 jobs per year.

Format 11-B presents the impacts of a price increase in water transpor-
tation on the crude petroleum, natural gas industry. The price increase does not
appreciably impact output, prices, and employment in the crude petroleum sector.
It is interesting to note imports of crude petroleum decrease an average of $24
million per year. This is due to the fact transportation costs of imported oil have
increased.
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Formats 12-A, 12-B, and 12-C present the impacts of the water transpor-
tation price increase on prices, product shipments and employment in other
industries selected because of their close connection as buyers of or sellers to the
water transportation or crude petroleum industry.

Price Comparisons. The impact of the price increase in water transportation

on other industries is minimal. There are slight price increases in fishing products,
miscellaneous food products, industrial chemicals, petroleum refining, fuel oil,
paving and asphalt, steel, ship and boatbuilding, railroad equipment and airlines.
The largest increase (average of 5 points from year 2 through 7) occurs in the
wholesale trades industry.

Product Shipment Comparisons. The effects of the price increase on product

shipments of other industries is more widespread. Almost all the industries show a
decline in output,

Employment Comparisons. The impact of the price increase on employment

in other industries is minimal. Iron and steel, trucking wholesale and retail trades,
and finances and services experience scattered decreases of one to two thousand

jobs a year.
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PRODUCT SHIPMENTS -~ SELECTED INDUSTRIES
Requlation: FRice Woree ZomdsPoR7mrson)
IvereDSES /O L0 /978 YEAR
PRODUCT SHIPMENTS T
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Case 2: 2.5 percent increase in price of crude petroleum in 1978,

Format 10 presents the changes from 1978-1985 in GNP, wholesale price
index, unemployment rate and the trade balance. No structural forecasts have been
adjusted; the changes are the result of the 2.5 percent increase in crude petroleum
only.

GNP. GNP decreases in every year. The greatest decrease is in year 4 when
GNP falls by $440 million which is a .027 percent decrease in GNP.

Wholesale Price Index (WPI). The WPI increases in every year illustrating
that the rise in the price of crude petroleum is passed throughout the economy. In

years 4 through 7 the WPI with regulation costs represents a .32 percent increase
over the base WPI projection.
Unemployment Rate. The rate of unemployment increases by approximately

.02 in every year from year | through year 7. The crude petroleum industry is a
relatively important industry in the economy. As its price increase leads to
increased prices in other industries, output throughout the economy falls leading to
layoffs.

Trade Balance. The price increase in crude petroleum leads to a more

favorable balance of trade in the early years but worsens the trade balance after
year 3 until the negative trade balance has increased | percent by year 7.

Format 11-A presents detailed impacts of the increase in the price of crude
petroleum on water transportation.

Product Shipments. Product shipments fall in each year because water

transportation buys refined petroleum products and fuel oil whose prices have risen
due to the increase in the price of crude. The increase in the price of its inputs
leads to a decrease in the output of water transportation.

Price Index. The wholesale price index for water transportation rises in
every year after year 3. This, too, reflects the fact that the prices of its inputs
have increased.

Exports and Imports. The increased price of crude petroleum causes both

exports and imports of water transportation to decline.
Employment. Employment in "Other Transportation" declines by 1,000 jobs
per year after year 2 as a result of the contraction of the water transportation

industry.




uorjoaloxg aseq

00T X T55y35a(01d a5ed - S350) UoT3e[nboy Yarm UoT3Iool0xd)

= DOUDIIIITA JUIDIBI

oJ ¥ . . », . ) T 4.\. h.
&0\ Nb &% &m, \N \\~0+ &% N * ¥ @DUOI33IITQ 3JUIDIBg
27| &2 87-|oC T [6€ OO —| 9L 7T~ | SOAT-| 2T A7 | A€ A7—

S31s50) uotrleInbIY YITM
LE 27-|€7 /- §O72 - |TC 08| TL/E~| D0pZ~| 6987 - | A ’/- )
uotrjoaloag oseg
{$ 9,61 SNOITIIF) SLYOIWI
SONIW SLAOIXH—IONVIVE 3aVil
TO'+ | TO+| Tg+| Eo+| ToF | To+ | 107¥ - 20UL 1D} J 1Q

J 0. - 7. e : 17 #a Cx
Lo | o & co 0| 118 | £ | pLP 4 < §3500 UOTIETNBIY YITH

O . . o [ . . . Q .,

S0 | To P | €08 | o | sTF XU ox & i uoiioaloayg vseg
(LNIADYAd; 3LV LNIWAOTIWANN
] r} T 2 . N ) . o, 7" ===
Nn.n -+ Nﬁh.\. YTE F[o/cE &\m. + qut YPT T+ km -+ . 90UDI533TQ JUPPIOY
5 7 (TS LLP | AT 0P | €0 4 O zc ;
#/E | C8 . S¥T|is 4 OSAZ | OEL 1 b 2 L€ po2° 150D uoTILTNHOY U3 TH
. - - - - - A T o7
18ETE L& AT |07 ILC|sBEsYE (ZTpE |T6 éCr e (177 (00T uorjoafoxg osey
= (961) XIANT 3DI4¥d FTVSITOHM
%FTO— 4570 = 1 780"~ |9 4807~ |9/ PO - |4 TTO"- | 410"~ 19,/ T00"~ « OD0UB133J3JTQ U134
7 €577 757/ ‘§0 ‘ 7 Y547 {12
EABEL7 |7 75 | ST 507 p5 5957 |SC €57 |SE0IA7 [EP 26 53500 uoTIETNBOY YITH
(A8 BELT |70 D677 [T E5 27 BT 4077 S6 3957 RS€E.57 |10 1OH7 |9T B6E/
uotrjoafoig aseq
($ 9,61 SNOITTIH) dNO
01 6 8 L 9 S v € 4 1 |Fe87 =g
dvd X

£ebs VYV Y& SISUIFOIv/
20 IFANyD 3D1/FL :uolrjzeinbay

dsvd SNSYdA NOILVINOIY HOJ
SYOLVOIAGNI DIWONODIODVW UOLVYIW J0 NOSTUVAWOD

0T LVWJOJ

148




. ‘uUoT3elzOodsuea] 19430, g8 JI03IVBS IBPID 06 WOIJ

© 7
oFD 9% 7 ¢ 599 £27 [ X727 1477 £7 $350) uorjernbay YITM

£E97 é57 | £77 897 |77 | 477 uor3ioaloag osegd

(S80L d0 SUNVSNONL)
AHLSNANT NI LNIWAOTdWI &

TEF7 | ZOE 9 | 279 | AEES TILD (€576 | Eeps | LEFD $350D uoTjeINbay YITM

777 | A7

787 % O/ 7 we/ BEB o | LELD |08 | LEAS | 6@ uor300loag ased
SLIOdHWI IJATILIJLIJdHWOD

OFEe | SL2E | /525 | SCES | S8/ [ slae | plhA | S627 62503 to17eTNboY YA TH

pEs | OFTS | s 5 | OFES | 66755 | 6£06 | £2&8/5 | LED% uot3daloag aseg

($ 9161 SNOITIIW)
S130dXd ISIANVHIUIW

=SE e o/¢ /6 EL 3=y g 172 ¥~ K 53500 UOTAETNbIY U3TM
o
7 5€ ocE Zoe odee | LT |3 | oA |5 =
uotyoafoag aseq
{O0T = L961) XJANI 3DTY¥d
e — —_—
0, € 0,
25E >, | #LOS7 | £0X77 7677 | 7LT77 | EFOI7 | p9%90/ 0, 6750 uoTAR[NBOY I TM
OLET7 747, =77 7. 9
ZET7 | 16ors | 57877 | 25577 | €8C77 | o90/7 | pZ20/ | ApEC/ worq00forg osed

($ 9¢61 SNOITIIN)
SINIWAIHS 1DNaodd

o1 8 L 9 S v £ 4 1 [{#467=0
dvaz 261 v YEST SIS EIIONv/
WO PINIDO FO/dA uoTIETNDIY

NOILVIMOdSNVYL HILVM, — OLT ¥YOLOIS
dsvd SNSYAA NOIIVINOTY ¥O0d SYOLYODIANI IVIVLSNANI 40 NOSIYVdWOD adaTIvLiaad

V-TT LVWHOd




Format 11-B present the impact of the increase in the price of crude
petroleum on the industry itself.

Product Shipments. Product shipments of the industry are constrained to
show no change by assumption of the INFORUM model. The rationale is because of
the unstable situation regarding oil imports, domestic production will not be
effected by a price increase in domestic crude.

Price Index. The wholesale price index for crude petroleum is approximately
2.5 percent higher in each year reflecting the constraints of the example.

Exports and Imports. Exports of crude petroleum which are very small are
not impacted by the price increase. Imports, on the other hand, fall by an average
of $140 million per year.

Employment. Employment in the industry is unaffected because product

shipments or output are constrained to their base level; no industry contraction can
occur,

Formats 12-A, 12-B, and 12-C present the impacts of the crude petroleum
price increase on prices, product shipments and employment in other industries.

Price Comparisons. The increased price of crude results in scattered price

increases in the majority of industries selected. Consistent and significant price
increases occur in industrial chemicals, petroleum refining, fuel oil, and paving and
asphait.

Product Shipment Comparisons. The crude price increase causes widespread
contractions in the output of other industries. Industrial chemicals, petroleum

refining, fuel oil, steel, trucking, electric utilities and wholesale trades are
particularly impacted.

Employment Comparisons. The effect of the crude price increase on
employment in other industries is scattered. The wholesale and retail trades
sectors experience the largest decline in employment,
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FORMAT 12-A

/Nee:»’fs 2.5 7¢ w2978

RICE COMPARISONS — SELECTED INDUSTRIES
Regulation: Serce Crudne 051.
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Regulation: &1(6‘ Crode

FORMAT 12-B

PRODUCT SHYPMENTS .~ SELECTED INDUSTRIES

Ore

INCREMSES 2.5 1 /978 YEAR
PRODUCT SHIPMENTS
SECTORS (MILLIONS 1976 $) [o# 1 2 3 h > | 6 L 10|
5 GRAINS Base Projections 3995 | Y099, | Y2220 /3%y |yybes Y3263 Y95 y2 274 j
With Regulation Costs | # 3 |+ / -/ -3 -3 -4 | -3 (-3 3
9 FISHING Base Projections J002 |10¥3)\/08L| /2y | 1258|1189 | 12:9 | 12v9 f
PRODUCTS With Regulation Costs | —~ A Rt 4 -2 -2 (-2 |-2 |-¥¢
15 CRUDE | Base Projections Y0033 39534 | ) 1397532 3870/ | 38¢.5 38510
PETROLEUM With Regulation Costs NO | cHRNS &
34 MISCELLANEZOUS | Base Projections H72 fzgz 12 13770 |/383Y\/Y730 | 1¥YS2 |1 Y78¢
FOOD PRODUCTS | /o1, Requlation Costs | */ - Y=y b=V ~7 | =t 11 )=
64 INDUSTRIAL Base Projections 92391 | Y9630 | 522271 5¥20315¢21¥| 583 [¢ov2y 162459
CHEMICALS With Requlation Costs | =2/ |=//3~ | /32 \ /Y5 |-15¥ |=r¢r |~769 |-/77
76 PETROLEUM | Base Projections 196223 | MMM 1071331096 04112 19325
REFINING With Requlation Costs | =¢53 | ~2y9 |~229 -23¥Y |-e |-2¥5|-25/ |-259
77 FUEL OIL Base Projections 21050 27338 | 2205y 12239/ (222¥2 1230 -
With Requlation Costs [~ 32 |~%¢ |~#p |-47 |-¥7 |-42> |-y7 |-48 '
78 PAVING AND Base Projections Yoo 3647 | 39/¢ | Y100 ' Y227 (4934 | 723 !
ASPHALT With Regulation Costs| —) | =/ -/ = =y -2 1= 1~y ‘
91 STERL Base_Projections 6185¢ 84534 b6y | mg%gggg;_&m% oy 1
With Requlation Costa | ~/o |~ 8/ |-93 |-/o3i-/02 ' ~99 | -92 '-93 | : l
150 SHIP AND BOAT | Base Projections M 8¥p3 | Jo¢ 2}4‘12 9eye (2983 ser [9(!37 ! _}
With Requlation Costs| — | =2 | -3 |- |-5 | -& |-& |-« 1 ] ~
151 RAILROAD Base Projections ¥38/ /8595035 ﬂ92 | ¥PP3 |.5008 | S0s0 | TOGY! | I
EQUIPMENT With Regulation Costs | ~ / -5 | -7 4 e 6 | -y |-y -3 | |
169 TRUCKING Base Projections Y682y |S2/3Y |5537/ 37¢‘I9|60wz 16303 [¢57e0 'Tedyoy'
With Requlation Costs | ~ & -/9 (=27 | -32 | -3y ! -3y [ -35 -3¢y !
170 WATER Basa Projections M08Yg | 700)y (11055 //zoﬂuua (2782512097 I/Z}_?_o !
TRANSPORTATION| yith Requlation Costs | ~ & | =0 | =/2 | =72 | ~/3 1=/3 |-/3 |-/73 |
171 AIRLINES Bage Projections Mm l2ge o |303 7 131372 |
With Regulation Costs | 2/ -7 V5 |-/t =42 =12 1 =47 ¢ ‘ !
173 FREIGHT Base Projections 225V 17 3.‘)" /22[ /&z |20y.3 20¢ |2)7/ |223”> ‘ l
FORWARDING With Regulation Costs | — = V= =~y V=t V= N=y =7 ! !
176 ELECTRIC Base Projections 695¢/\?. | o!87299| B43:3 | B8dye! ‘ !
UTILITIES With Regulation Costs | =2 |-22 |-29 1-32 {-3% (-33 [-43 [-32 - 4 !
180 WHOLESALE | Base Projections 1Bosso | 1899w 1/ 5 | 20000y (217330 229925 5 ‘
TRADES With Regulation Costs | = 3% | -85 |~»2 | -/29 |-/35 |3y | -/351-738 | " L
181 RETAIL TRADES | Base Projections MMM 269vyk| 2221y 2!“‘;35;,?3«& " .
With Regulation Costs | ¢ & Y =27 =t | -2 | -9 ~f | -2 l i
190 AUTO REPAIR Base Projections 38102\ Yo247! Y2290 Yynz | mz! Y230\ Y8¢%0 |S02B83 : ! _
With Regulation Costs | =5 | <43 1=/3" | nys | -/8" ) 4y | -43 | =72 '
| 3ase Projections | | | T T
With Requlation Costs B ! ' ! ' —
Base Projections ' | | ! ' i |
with Regulation Costs | i ! ! X !
Base Projections ' 1 \ | { | ! ;
with Regulation Costs 1 ' ! ! ! |
Base l’!oloct\onl ! ' ' 1 ] ! l
With Regulstion Costs { { ] [ : ! ! b J




FORMAT 12-C

EMPLOYMENT COMPARISONS — SELECTED INDUSTRIES
[ Rice CorobéeE &,.

INeRFmsESs C.5% v 7978

YEAR
(9SoECoT:oR:R) ('rHouE's“Ai;«LbosYMoimaoasx [o4 1 2 1 3 « |5 s | 1 8| 9 10 |
1 AGRICULTURE | Base Projections 1 82¢ 4| 3/160]| 30751299/ 290&_*&21 27239 259 I !
With Requlation Costs | #/ hand -/ - hnd - =/ . - | 1
, 3 PETROLEUM Base Projections 34L 370 3_!;9___20 3&" 380 380 I RS -[2) ‘ i
' AND GAS With Regulation Costs Ao c’{ﬁ/'/ 7 - g‘
. 14 MISCELLANEOUS | Base Projections /¥3 /}’J’ /47 /¥ \r850 75/ |/52 |/ S3 : !
FOOD PRODUCTS With Regulation Costs /VD C//ﬂdl F : +
31 INDUSTRIAL Base Projections 3", 352 357 2 3 6 ¢ 70 13 yZ3 38/
CHEMICALS With Regulation Costs hnd - -/ -/ —/ —/ -/ -/ u
38 PETROLEUM Base Projections 20oS |Ro7 (209 |12 (29| 2/5 | 2772 1279 4 '
| REFINING With Regulation Costs | ~™— - - - -7/ - - b ,'
46 IRON AND Base Projections B0 | £98 1922 (932 | P32 | Qo | 9¥3 | P¥5~ '
3 STEEL With Requlation Costs | — /] - =2 | =/ | -2 =/ -l 1=/ i J
i 72 SHIPS AND Base Projections 20_8 )y 1221 |20 |27 2/9 (%15 ‘207 !
BOATS with Requlation Costs — - — _— - +/ - - . i
;, 73 RAILROAD Base Projections LV S0 | 5) So &8 | ¥ ¥s | Y5 ! 1 l
! EQUIPMENT With Regulation Costs i Na (/‘/ﬁ/'/é[ i 71 J] |
; 81 TRUCKING Base Projections /389 7¥¢o lyﬂ_i&;_/_& IS Yo \/S5S1 (/5Z/ l . .
! With Regulation Costs — | = — —) =9 L=/ -/ =/ : '
{ 82 OTHER Base Projections M ‘ﬁ? “’ ' 63—9 : ¢53 "/7 Gy v I
TRANSPORTATION | o\ ¢h Requlation Costs . = - -1/ =7 -/ =/ -l =7 ‘ J
|83 AIRLINES Base Projections 1 302 | Hoy | 0P |%r¥ | 417 | 478 | YRo 422 ; ‘ '
i With Requlation Costs | — - -~ - - ' =7 - = ! I
87 ELECTRIC Base Projections S0 | 572 s | S22 | 524 185236 1529 53/ |
“TILIES With Regulation Costs 1 ND| ‘yﬁ/‘/ <Y 2 : I
84 WHOLESALE AND |Base Projections 1202 ¥ @Z&Lm L7422 3_/14’ 22762 233“123f’9; ‘ l
RETAIL TRADES With Regulation Costs | —/ -2 = ‘7’ nd 4 —-¥ i - ¥ nt 4 -4 .
86 FINANCE AND Base Projections 2957 \2389¢|2¥9¢7 |2 51 |2 28 ) 38! _ i ‘
SERVICES With Regqulation Costs | #/ +/ 22 1%2 1ps (1 122 +/ !
Z Base Projections . ! \ !
i With Regulation Costs " ‘ ! K
j Base Projections 1 l
i With Regulation Costs ' 1
; Base Projections I ‘ L . ‘ 3 i
With Regulation Costs JX ! ! i ]
| Base Proiections l ! | ‘ : .
| With Regulation Costs | ! ! ' ; !
| Base Projections | S ‘ . ; .
With Regulation Costs I
Base Projections '
With Regqulation Costs
' Base Projections '
With Regulation Costs r
Base Projections
Wwith Regulation Costs
Base Prolections 1
#ith Regulation Costs |




Finally, INFORUM has the capability to determine and print out the effect
on the consumer price index for gasoline of an increase in the price of crude
petroleum. Using the INFORUM model for a 2.5 percent increase in the price of
crude, the following results were obtained:

1985 Consumer Price Index - Gasoline
(1976 = 1.00)

Base Run 1.773
With 2.5 Percent Increase
in Price of Crude 1.809
By multiplying each index by the 1976 average price for a galion of gasoline,
the regulatory staff can obtain the increase in 1985 in the per gallon price of
gasoline at the pump in 1976 dollars. For example, if the average price of gasoline
in 1976 is $.60 per gallon, base price of gasoline in 1985 is forecast to be $1.06 per
gallon (1.773 x $.60). The price, given a 2.5 percent increase in the price of crude,
is forecasted to be $1.09 per gallon (1.809 x $.60). The effect of a 2.5 percent
increase in the price of crude in 1978 is to raise the price of gasoline at the pump
in 1985 by $.03 in 1976 dollars.
A blank set of cost impact formats is provided at the end of this section for
the convenience of the regulatory staff.
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FORMAT 12~A
Regulation: PRICE COMPARISONS — SELECTED INDUSTRIES
PRICE INDICES YEAR
SECTORS (1967 = 100) o= [ s | 10 |
S GRAINS Base Projections ' :
With Regulation Costs ! ‘ H .
9 FISHING Base Projections | { | i
PRODUCTS With Requlation Costs l
15 CRUDE Base Projections "
PETROLEUM with Regqulation Costs [
34 MISCELLANEOQUS Base Projections l

FOOD PRODUCTS

With Requlation Costs

Base Projections
| =328

64 INDUSTRIAL Base Projections
CHEMICALS With Regulation Costs
76 PETROLEUM Base Projections
REFINING Wwith Requlation Costs
77 FUEL OIL Bage Projections
With Requlation Costs
78 PAVING AND Base Projections | | '
ASPHALT With Requlation Costs { ‘ I —
91 STEEL Base Projections ! ] }
With Regulation Costs | II |
150 SHIP AND BOAT | Base Projections ‘ ] '
With Regulation Costs ; 1 ;
151 RAILROAD Base Projections ! i J
EQUIPMENT With Regulation Costs { ! ‘l
169 TRUCKING Base Projections l ! ] i
With Requlation Costs ' i ‘ t
170 WATER Base Projections 1 I 7.
TRANSPORTATION| i th Requlation Costs l f
171 AIRLINES Base Projections t
with Requlation Costs ! IL
173 FREIGHT Base Projections l l
FORWARDING With Requlation Costs ' 1 ) i
176 ELECTRIC Base Projections ; | | |
UTILITIES With Regulation Costs . :
180 WHOLESALE Base Projections ! ;
TRADES With Requlation Costs ! !
181 RETAIL TRADES :'

With Regulation Costs

AUTO REPAIR

Bagse Projections

With Regulation Costs

Base Projections

With Regulation Costs

-+ -

| Base Projections

With Requlation Costs

N - -

Base Pro }cctions

With Requlation Costs

Base Projections

With Regulation Costs

_‘>-r__,__1_—-<
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FORMAT 12~B

PRODUCT SHIPMENTS -— SELECTED INDUSTRIES !

Regulation:
YEAR
SECTORS fﬁ?,‘f{’ig“i“{‘;’ﬁ":f 1 2 | 3 4 s | 6 7 8 9 10
5 GRAINS [iase Projections I
With Requlation Costs
9 FISHING Base Projections
PRODUCTS With Requlation l.-ts
15 CRUDE Base Projections
PETROLEUM With Regulation Costs l
34 MISCELLANEOUS | Base Projections
FOOD PRODUCTS With Requlation Costs
64 INDUSTRIAL Base Projections
CHEMICALS With Regulation Costs
76 PETROLEUM Base Projections ‘
REFINING With Regqulation Costs !
77 FUEL OIL Base Projections |
With Regqulation Costs 1 E :
78 PAVING AND Basa Projections ! !
ASPHALT With Regulation Costs i H
91 STEEL Base Projections I i ) '
With Regulation Costs I ! . 'l
150 SHIP AND BOAT | Base Projections | | ‘ ! b
With Regulation Costs ! i 1 | LT
151 RAILROAD Base Projections J ! l '
EQUIPMENT With Regulation Costs T* ‘ ! "
169 TRUCKING Base Projections l l ! ; !
With Regulation Costs 3 } I
170 WATER Base Projections r l
TRANSPORTATION With Requlation Costs |r
171 AIRLINES Base Projections | ! | '
With Regulation Costs | ] i v
173 FREIGHT Base Projections | ( { :
FORWARDING With Requlation Costs | ' : I ;
176 ELECTRIC Base Projections | ' | !
UTILITIES With Requlation Costs | i |
180 WHOLESALE Base Projections l l ‘
TRADES With Requlation Costs ' I l '
181 RETAIL TRADES | Base Projections J '
With Requlation Costs I
190 AUTO REPAIR Base Projections ‘ ,
With Requlation Costs i
Base Projections ! I i
With Requlation Costs ! } ! :“,
Base Projections | ' ;
With Requlation Costs | l
Base Projections | X i :
With Regulation Costs i é ! ' 3
Base Projections i | : l
Wwith Regulation Costs l l | ]
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FORMAT 12-C
EMPLOYMENT COMPARISONS — SELECTED INDUSTRIES

YEAR !
SECTORS EMPLOYMENT r T T ! 1 :
{90 ORDER) (THOUSANDS OF JoBs) 0= 1 2 1 3 4 s [ e | 7 8 | 9 10 | =
1 AGRICULTURE Base Projections . ' ; ]
With Regulation Costs : ; ! 4}
3 PETROLEUM Base Projections . : JL .
— AND GAS With Requlation Costs ; . L :
P14 :éggs;:ggzous Base Projections ‘ ’ ‘
UCTS With Regulation Costs ‘ "
31 INDUSTRIAL Base Projections
CHEMICALS With Regulation Costs ; ! .
38 PETROLEUM Base Projections : I 4
REF INING With Requlation Costs | i ' jI
46 IRON AND Base Projections ! ! o
STEEL With Requlation Costs i ‘ 3
72 SHIPS AND Bage Projections : L ‘ i‘E
' BOATS With Requlation Costs : : ‘ |
| 73 RAILROAD Base Projections . ! ! :‘
! EQUIPMENT With Regulation Costs I ! ! ! ‘ < Et
81 TRUCKING Base Projections | . ! ' l ) ‘
With Regulation Costs I i i ‘ i I ] '?
| 82 omuer Base Projections ! i ] . i [-‘
! TRANSPORTATION With Regulation Costs . ! ’ ] ' : y'
| 83 AIRLINES Base Projections l ‘ i : ' ( !
L With Regulation Costs ' | ! ‘ | : “
i 87 ELECTRIC Base Projections ‘ f L : : l ! H
UTILIES with Regulation Costs | ! [ : I {
i 84 WHOLESALE AND {Base Projections ! l X !
é RETAIL TRADES With Requlation Costs i ‘ . l ; :J
. B6 FINANCE AND Base Projections | ‘ ! ; : i ? ]
SERVICES With Regulation Costs | ’ ! : } I
Base Projections : ; ! l
With Regulation Costs 1 ' !
Base Projections L i ! ! !
With Regulation Costs I l : ’ ) ! ',
Base Projections l i ) 3 : ]; }
With Requlation Costs I : : : ‘ 1 i
Base Projections I . 7 ! “ ﬁ
With Regulation Costs I ! ! b
| Base Projections I ! ! b
With Regulation Costs | : i
Base Projections 2 ! : E
With Regulation Costs . ] ’
Base Projections l : ‘
With Requlation Costs ! . . !
Base Projections ! ‘ : ' ! : Y
With Regulation Costs I ] I
Base Projections ' i : ] ! :
With Requlation Costs i l I ' ’ i ;
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